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In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to 
“Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI”
  
In this contribution, the enhancement on HARQ-ACK is discussed. 
Since the beginning of this WI, a number of topics for further investigation was defined. Based on the latest agreements and the work progress in the group [2], there are 4 topics left for discussion at this last meeting for the current WI.
Here is the list of topics:
1. Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
2. Retransmission of cancelled HARQ
3. PUCCH repetition enhancements.
4. PUCCH carrier switching 

During the last 3GPP RAN 1 meeting, (#106bise), a list of questions per topic was given by the moderator [2]. Considering this is the last meeting of this AI, Qualcomm also provides a list with the topics to be treated, as well as a ranking in terms of importance, which in most of cases is quite aligned with the moderarator’s lists per topic.
This meeting being the last meetings of Rel. 17, the goal is to complete the specification of features agreed in the above topics. Therefore, the proposals below target missing parts of the specified features. In addition, simple alternative mechanisms, not requiring significant specification work are suggested. In addition, based on the work progress of the different topics, the suggestion is to focus on the four remaining topics with the following priority:
1. Retransmission of cancelled HARQ 
2. PUCCH carrier switching
3. Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
4. PUCCH repetition enhancements

The order of sections in the contribution is not changed for the sake of avoiding confusion.
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With regards to SPS HARQ deferral, at the end of the #106bis e-meeting, considerable progress has been done with additional agreements and further clarification. The feature specification is at very good shape. A number of open items is listed below:
· Configuration: 
· SPS HARQ Deferral configuration when UE is configured to monitor DCI 2_0 for SFI
· Maximum Configurable SPS Deferral Time to be allowed in RRC specification
· SPS HARQ Deferral with PUCCH repetitions
· Behaviour at target slot: 
· Deferred SPS HARQ multiplexing with existing DG PUCCH or PUSCH
· Deferred SPS HARQ interaction with Rel. 17 Intra-UE multiplexing
· Alternative features for collisions avoidance at 1st available PUCCH
· Network controlled mechanisms
· Rel. 16 or Rel. 17 Type 3 HARQ CB
· Triggered HARQ-ACK CB retransmission
· Dynamic PUCCH carrier switching

In addition, at the end of the previous meeting, the group moderator listed a number of topics to be addressed at this current #106bis-e meeting [2]:
Just as a list of issues that could be (at least) considered for RAN1#107-e:
· Maximum configurable SPS deferral value (RRC impact) – see discussions in 3rd round in Question 2.6.1 
· Support and/or handling of PUCCH repetition (see discussions in all rounds): 
· Should we just prevent the joint configuration?
· Simplified handling based on latest proposal Mod Proposal 2.2.7 (PUCCH repetition has ‘priority’ / do not use SPS deferral rules / limitations) 
· Or should we take the maximum deferral value into account as well (see comments by QC & OPPO)
· Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching (if joint operation is to be supported)
· Interaction with Rel-17 Intra-UE multiplexing, related PHY priority handling

It can be seen that both lists share similar input. Considering that this is the last meeting of this Release 17, the topics in order of importance are the following:
1. SPS HARQ Deferral configuration when UE is configured to monitor DCI 2_0 for SFI
2. [bookmark: _Ref86954356]Maximum Configurable SPS Deferral Time to be allowed in RRC specification
3. Deferred SPS HARQ interaction with Rel. 17 Intra-UE multiplexing
4. Deferred SPS HARQ multiplexing with existing DG PUCCH or PUSCH
5. Joint operation of SPS HARQ-ACK deferral and network-controlled mechanisms, i.e. PUCCH carrier switching, Rel. 17 Type 3 HARQ CB, Triggered HARQ CB ReTx.
6. SPS HARQ Deferral with PUCCH repetitions


The topics are presented therefore in this order below.
SPS HARQ Deferral Configuration for UEs Configured to Monitor PDCCH for DCI Format 2_0 (SFI)
At #104bis-e meeting, there was an agreement on the definition of collision of PUCCH carrying SPS HARQ ACK info; the agreement was the following:
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.



The agreement specifies the condition for the SPS HARQ-ACK collision. Collision is observed only in the case of semi-static DL symbols, SSB and CORESET#0. However, there is not explicit note for the cases in which SPS PUCCH is configured on symbols whose behaviour is dictated by SFI and these symbols can turn from UL to DL. The UE behaviour for flexible symbols is defined in §11.1 of TS 38.213. From description therein and from the above agreement, it is deduced that if SPS PUCCH is configured – partly or entirely-onto symbols whose behaviour depends on SFI monitoring, then, this case is not considered as “collision with semi-static DL symbols” and therefore SPS HARQ deferral is not triggered. If this understanding is shared by other companies as well, it would be useful to make a conclusion on this topic. If the same understanding is not shared by other companies and SPS HARQ deferral is triggered when UE is configured to monitor SFI, then, the problem is explained in detail in previous QC contributions [3],[4]. Namely, triggering of SPS HARQ deferral when UE monitors DCI 2_0 for SFI results in higher latency if DCI 2_0 is missed. For the sake of simplicity, the problem is presented here as well.
Missed DCI 2_0 and SPS HARQ Deferral
Consider the case in which the UE is configured by higher layers with the parameter SlotFormatIndicator, i.e. the UE is configured to monitor PDCCH for DCI format 2_0 (SFI). Namely, the question to be answered is the following:
· Should SPS HARQ deferral configured for UEs monitoring PDCCH for DCI format 2_0?
 
Assume that both SPS HARQ deferral and SFI monitoring are activated. The following case might happen when both SPS HARQ deferral and SFI monitoring are activated:
· gNB transmits SFI (DCI 2_0) indicating a slot format that results in SPS HARQ collision with DL; i.e. symbols within the previous slot used for uplink, are now turned into downlink symbols,
· UE misses SFI (DCI 2_0)
· UE still considers that the symbols used at the previous slots for SPS PUCCH transmission are still uplink symbols 
· UE transmits SPS HARQ-ACK and assumes that SPS HARQ-ACK is received at the gNB
· gNB assumes that SPS HARQ collides with downlink symbols in the new slot format and expects that SPS HARQ-ACK is deferred; hence, the UE will transmit the deferred SPS HARQ-ACK at 1st available PUCCH resource
· UE does not transmit the expected “deferred SPS HARQ-ACK” at the 1st available PUCCH 
· gNB detects the absence of “deferred SPS HARQ-ACK” transmission and retransmits the DL packet.

The problem is illustrated in Figure 1. Therein, the above case is illustrated and the delayed SPS PDSCH retransmission can be seen.
At the end, the gNB retransmits the DL packet. The gNB would have done the same according to Rel. 16. Furthermore, in this case the SPS PDSCH retransmission comes later compared to the Rel. 16 behaviour, since the gNB has to detect the absence of transmission at first available PUCCH resource after SPS HARQ collision with DL. Namely, steps 5 and 6 of the procedure described above would have not taken place at a Rel. 16 operation. Therefore, it should at least be clarified that SPS HARQ deferral is not configured for UEs monitoring SFI.
Proposal 1: SPS HARQ-ACK deferral is not activated for UEs configured to monitor PDCCH for DCI 2_0 (SFI).



[bookmark: _Ref86936507]Figure 1: UE configured to monitor SFI and SPS configured with “SPS HARQ Deferral”. In case DCI 2_0 (SFI) is missed by the UE, the network has to retransmit the DL packet – as in Rel. 16.
Maximum Configurable SPS HARQ Deferral Time
At #106e, the following agreement was made with regards to SPS HARQ collision [5]: 
	Agreement: For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.



At #106bis-e [2], there was a discussion on the maximum deferral time to be configured by RRC. There was some discussion on the need to consider the PUCCH configuration, whether it is slot or sub-slot based, in addition to the previous discussions on the link between the maximum deferral time and traffic characteristics, such as packet expiration. The topic if of relevance, since it is also linked with the requirement for the UE to 
· store HARQ bits of the deferred SPS HARQ CBs
· store PUCCH resource information of the deferred SPS HARQ CBs
· try to combine/concatenate eventually multiple deferred SPS HARQ CBs into a single HARQ CB to be transmitted in the target slot.

The relevance of the topic is even higher, considering the lack of clear motivation for this feature of SPS HARQ deferral; there has not been a single realistic example from either testbeds, or from real systems or even from simulations indicating that SPS HARQ collision with semi-static DL symbols will be something that will happen frequently or even occasionally in a real system. 
Upon consideration the lack of clarity with regards to the applicability of the feature, it would be wise to define a maximum deferral time that allows for different types of SPS HARQ configurations. E.g. in one case, the network might configure the SPS HARQ deferral in such a way that after SPS HARQ collision with semi-static DL symbols, the UE tries to find the first available PUCCH resource for the next 1 or 2 slots and then the maximum deferral time is reached. In other scenarios, it can be imagined that the network configures the maximum deferral time to be equal to 1 ms, even for PUCCH sub-slot configurations. Therefore, a complete solution would require to consider both cases. In this direction, allowing for up to 16 PUCCH slots and up to 64 2-symbol sub-slot configurations seems right. Hence, depending on the unit of maximum SPS HARQ deferral, i.e. slots or sub-slots, the maximum value should be 16 or 64.
Proposal 2: Maximum deferral value to be configured by RRC should be equal to 16 slots, or 64 sub-slots.
In this case, in which full flexibility is provided to the network to configure the SPS HARQ deferral procedure, there might be UEs that cannot support, e.g. multiplexing several SPS HARQ CBs from different slots. For these UEs it might be a considerable task to try for consecutive slots (or sub-slots) to combine/concatenate multiple deferred SPS HARQ CBs according to the agreements, to multiplex them with DG HARQ and to see if the entire UCI payload fits in the current PUCCH resource in one of the active PUCCH resource lists or sets. For this purpose, introducing a UE capability with regards to the maximum deferral time is a sensible solution.
Proposal 3: The maximum deferral time to be supported is subject to UE capability.
[bookmark: _Ref83983758]Deferred SPS HARQ Interaction with Rel. 17 UE Multiplexing
At #106bis-e, the following conclusion was made with regards to SPS HARQ collision [2]: 
	Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing



In case the UE is configured with Rel. 17 intra-UE multiplexing and there is at least a single HP deferred SPS HARQ bit, then the combined HARQ CB finally transmitted via PUCCH is finally transmitted as HP PUCCH. 

Proposal 4: For Rel. 17 intra-UE multiplexing of HP deferred SPS HARQ and LP deferred SPS HARQ, if there is at least a single high priority HARQ bit in the combined HARQ CB, the whole HARQ CB is of high priority.
Deferred SPS HARQ-ACK Multiplexing with PUCCH or PUSCH 
[bookmark: _Hlk68596479]At #106bis-e, the following conclusion was made with regards to SPS HARQ collision [2]: 
	Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.



According to this conclusion it is possible to multiplex a colliding SPS HARQ with DG PUCCH or with PUSCH in the initial slot, hence, in the slot in which SPS HARQ collision happens. An example of such multiplexing can be seen in Figure 2. 
[image: ]
[bookmark: _Ref83977485]Figure 2: SPS HARQ collision with DL symbols at slot #1. Presence of PUSCH at same slot. Colliding with DL SPS HARQ multiplexed onto PUSCH. Rel. 17 multiplexing and intra-UE prioritization rules apply.

In the same direction, the group agreed the following also during the last #106bis-e meeting [2]:
	Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid. sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.



With this agreement, multiplexing of deferred SPS HARQ with DG PUCCH or with PUSCH on the target slot is also possible. The end result from the above conclusion and agreement is that the colliding or deferred SPS HARQ is transmitted via a scheduled uplink resource. This is beneficial for the UE and for the system since the UE does not have to transmit at first available PUCCH resource without being aware of eventual collisions with other UEs using the exact same uplink resource at the exact same slot or sub-slot. 

As a continuation of the discussion above, it would be beneficial for the UE to multiplex deferred SPS HARQ with DG PUCCH or with PUSCH in case the existence of such DG PUCCH or PUSCH is known to the UE. An example can be seen in Figure 3. At slot #0 of the figure, slot format change occurs according to RRC configuration. This slot format change results in SPS HARQ collision. SPS HARQ is initially scheduled to be transmitted at slot #1. At slot #0, the network schedules DG PUSCH to be transmitted at slot #2. The resource allocated with this DCI is sufficient for both DG PUSCH and for the deferred SPS HARQ, since the scheduler at slot #0 is aware of the SPS HARQ collision at slot #1. 
Upon SPS HARQ collision with DL at slot #1, the UE has already received the DCI with the PUSCH allocation at slot #0. Hence, during the SPS HARQ deferral procedure, the UE can multiplex the deferred SPS HARQ with the DG PUSCH even if the DG PUSCH is 1 slot later than slot #1, which is the slot offering the 1st available uplink resource after the SPS HARQ collision. The benefit is that the UE does not have to search for the 1st available uplink resource and hence go through the procedure described in section 2.2. The same logic and procedure as above are followed when there is DG PUCCH or CG PUSCH. Even if the transmission of deferred SPS HARQ takes place 1 or 2 slots later than the target slot, the increase in latency is negligible. The benefit of transmitting in a contention-free (scheduled) mode the deferred SPS HARQ is higher though.
[image: ]
[bookmark: _Ref83982331]Figure 3: Multiplexing of deferred SPS HARQ CB with PUSCH at target slot. Rel. 17 multiplexing and intra-UE prioritization rules apply; PUSCH is 1 slot after the slot in which the 1st available uplink resource is available.
Therefore, the following proposal:
Proposal 5: Support multiplexing of deferred SPS HARQ with a known/existing DG PUCCH or PUSCH at a slot, located up to 2 slots later than the target slot (slot of first available PUCCH resource).
Joint Configuration of SPS HARQ-ACK Deferral and of Network Controlled Mechanisms (PUCCH Cell switching, Rel. 17 Type 3 HARQ CB, Triggered HARQ CB reTx)
Another topic listed as a candidate for discussion during #107-e is the “joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching (if joint operation is to be supported)” (see above)
In addition, in the list of topics to be discussed in the section of cancelled HARQ, the following topic is mentioned “Interaction with SPS deferral (e.g. SPS deferral is stopped, if Type 3 CB is triggered?, …).
As mentioned in the previous contributions from several companies, the problem with the “SPS HARQ deferral” is that it requires good planning from the network, since resources to be used as “1st available PUCCH resources” by the UEs, need to be reserved by the network. In case, several UEs are affected by the slot format change, which is usually what it is anticipated to happen, then, the network might need to do very meticulous and complicated uplink resources planning. The other option is that no resources are reserved by the network. Then, the UEs operate in a kind of “random access contention-prone” mode, competing for the uplink resource at the target slot.
It can be argued that with good planning and appropriate setting of k1 values in the set, as well as the option of shuffling PRI in the frequency and space domain for the different k1 values, the risk of collision between i) deferred SPS PUCCH A/N and ii) PUSCH and/or PUCCH for other UEs can be reduced. However, this task is very complicated, if collision with PUCCH or PUSCH resources for other UEs should be avoided. The task seems almost impossible under realistic assumptions, such as considering that the SPS configuration takes place at RRC level and very likely several ms before an eventual slot format change. In order for the “deferral to the 1st available PUCCH resource” to be effective and in order for the system to guarantee, that indeed the UE will find a “first available PUCCH resource” after deferral, the scheduler needs to reserve the initial PUCCH resource for a given amount of slots, theoretically up to the time instant defined by k1_def_max. This reservation of uplink resources might not be possible in a heavily loaded uplink cell. In order to guarantee, that the network gets the colliding HARQ bits and it does not need to retransmit SPS PDSCH (as in Release 16), other mechanisms have to be put in place.
Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, other mechanism controlled by the network are needed.
The network can make use of the mechanisms specified at #105, #106 for the retransmission of cancelled HARQ or for the faster PUCCH transmission, such as PUCCH carrier switching. As an example, Rel. 17 Type 3 HARQ CB can be used for the case of SPS HARQ collision with semi-static DL symbols; one of the HARQ Process IDs contained in the Rel. 17 Type 3 HARQ can be the HARQ Process ID corresponding to the SPS HARQ having collided with DL symbols. Or, alternatively, the “triggered HARQ CB retransmission” can be used and the requested “cancelled HARQ CB” is the SPS HARQ CB having collided with DL symbols. In the past meetings, a number of companies has suggested the use of PUCCH carrier switching when SPS HARQ collides with DL symbols.
The benefits of using network controlled mechanisms for SPS HARQ collisions with DL are the following:
· overloading of the first available PUCCH (independent of the “first available PUCCH” interpretation), i.e. collision risk of deferred SPS PUCCH A/N with other PUCCHs or PUSCHs is avoided; gNB schedules in a manner that deferred SPS HARQ feedback for different UEs is staggered in time and this one-shot feedback does not collide with other PUCCH or PUSCH from other UEs,
· planning the time, frequency resources for the transmission of deferred SPS PUCCH A/N is much easier (compared to the pre-planning), since upon deferred SPS PUCCH A/Ns, the scheduler is aware of which HARQ bits need to be transmitted,
· transmission of consecutive deferred SPS HARQ A/Ns from the same UE is straightforward,
· gNB being aware of the DL packet expiration time, might make efficient use of UL resources by eventually not requesting the transmission of deferred SPS HARQ A/N for DL packets having already expired (especially for Rel. 17 Type 3 HARQ CB),
· SPS HARQ collision with DL can be avoided in the case of PUCCH carrier switching

There is no drawback from network-controlled mechanisms, since the gNB has the choice to decide when to transmit the DCI requesting the Rel. 17 Type 3 HARQ codebook for deferred SPS, the transmission of this DCI does not have any effect on the monitoring of other DCI for the UE. In addition, since scenarios with SPS are the focus here, UEs are in most cases not expected to monitor many DCI types very often.
The issue of reliability is negligible, i.e. in case the DCI 1_1 or DCI 1_2 requesting Rel. 17 Type 3 HARQ CB or HARQ CB ReTx is not decoded by the UE, prompt detection of missed DCI 1_1 (or DCI 1_2) results in immediate retransmission of this DCI. Namely, the network might issue a second request for “Release 17 Type 3 HARQ feedback” in case the network does not receive HARQ feedback from addressed UEs. However, the chances of missed DCI in an URLLC/IIOT setup are extremely low.
These additional three features agreed at the previous #105e and #106e meetings can be enabled as alternative solutions or even jointly with the feature of deferral to 1st available PUCCH resource. The features can be jointly configured when SPS HARQ collides with DL. Upon SPS HARQ collision with DL the procedure of SPS HARQ deferral is triggered – if configured – and the UE tries to find the 1st available PUCCH resource according to the agreements of the previous meetings. Upon reception of a DCI requesting either the transmission of Rel. 17 Type 3 HARQ CB with the indication for at least one SPS HARQ bit having collided with DL, or the retransmission of the SPS HARQ CB having collided or a DCI dictating PUCCH carrier switching, the procedure of SPS HARQ deferral stops. Similarly, the procedure of SPS HARQ deferral is ended when the UE receives a DCI for DG PDSCH and consequently DG HARQ or DG PUSCH, with an uplink allocation that is sufficient for the deferred SPS HARQ feedback as well.
Proposal 6: For SPS HARQ collision with DL symbols, support joint configuration of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” and of any of the below, if applicable.:
· “PUCCH Carrier Switch” (in case of more than 1 PUCCH CCs), 
· “Rel. 17 Type 3 CB HARQ”, or
· “Request triggered HARQ-ACK codebook retransmission”

An example on how the procedure would work, can be seen below. For the sake of simplicity, the case of only 2 active features, “SPS HARQ deferral” and “Rel. 17 Type 3 HARQ CB” is presented:
Procedure (joint “SPS HARQ Deferral” and “Rel. 17 Type 3 HARQ CB”):
Step 1: SPS HARQ deferral, time instant t0.
Step 2: UE starts timer, “timer_1shot HARQ feedback for cancelled HARQ”, defining the period over which the UE monitors for DCI with which the network requests 1-shot HARQ feedback, timer starts at time instant, t1 and timer ends at time instant t3. This timer can be equal to maximum deferral time.
Step 3: UE tries to transmit all deferred HARQ bits at the 1st available PUCCH resource.
Step 3a: UE finds 1st available PUCCH resource before time instant t3 and timer “timer_1shot HARQ feedback for cancelled HARQ” stops. End.
Step 3b: UE receives DCI with request for 1-shot feedback before time instant t3. Go to step 4.
Step 3c: timer “timer 1-shot” expires at instant t3 without UE having found 1st available PUCCH resource (UE follows rules described in proposal 3-12) and without having received any DCI from the gNB requesting Rel. 17 Type 3 HARQ CB. Got to step 5.
Step 4: UE follows indication in DCI and transmits only HARQ bits requested. End.
Step 5: UE tries to transmit deferred bits in 1st available PUCCH (without expecting any DCI, provided k1_def_max, maximum deferral not yet reached, hence t0 + k1_def_max > t3).
Step 6: Stop trying to find 1st available PUCCH when maximum deferral time is reached (time instant t0 + k1_def_max). 
This example above can be extrapolated in all cases of joint configuration of the above 4 solutions. Similar timer is suggested for the monitoring of DCI triggering HARQ CB retransmission, if the feature is activated. 
In the case one of the features activated is the PUCCH cell switching, the UE is instructed via DCI to make use of the “PUCCH-cell switching” feature and try to defer the SPS HARQ on another PUCCH CC.
Another case in which the SPS HARQ deferral can be stopped is when the UE receives DCI granting DG HARQ or DG PUSCH to the UE and the allocated uplink resources are sufficient for the new uplink data or UCI payload and for the deferred SPS HARQ bits.
Proposal 7: Upon joint configuration of any combination of “SPS HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching”,  “Rel. 17 Type 3 CB HARQ”, “Triggered request for HARQ Retransmission”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found (for SPS HARQ deferral to 1st available PUCCH resource), or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs and if dynamic PUCCH-carrier switching is activated), or
· When a request for “Rel. 17 Type 3 HARQ CB” is received, or
· When a DCI for “1-shot HARQ retransmission” is received, or
· When DCI granting DG HARQ or DG PUSCH is received and the allocated uplink resources is sufficient for both the new uplink payload (data or UCI) and for deferred SPS HARQ bits, or
· When the maximum value of “k1_def” is reached.
[bookmark: _Ref79149040]PUCCH Repetitions Handling
Another topic that needs to be specified so as the feature “SPS HARQ Deferral” is complete is the case of SPS PUCCH is configured with a number K of repetitions, where K = 2, 4, 8. 
The understanding is that already at Rel. 16, the procedure of “defer to 1st available valid PUCCH” is specified. For all cases of PUCCH repetitions, e.g. for both DG PUCCH and SPS PUCCH configurations. This is the interpretation of the following conclusion:
	Conclusion: It is clarified that a PUCCH repetition in case (including the first PUCCH repetition) is postponed to the next available slot if the PUCCH repetition collides with SSB symbols or symbols indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· There is no consensus in RAN1 for whether or not the above case is supported in Rel-15 for the first PUCCH repetition when the PUCCH is triggered by DCI.



Based on the above conclusion, there was a discussion at the last #106bis-e meeting [2], how to support SPS HARQ deferral in case SPS PUCCH is configured with repetitions. Namely, the topic of argumentation was if the maximum deferral time should be applied in the whole set of SPS PUCCH repetitions or if the maximum deferral time should be applied only to the first SPS PUCCH repetition, or if the maximum deferral time should be applied at all in this case. A group of companies arguing for the non-consideration of maximum deferral time mentioned the scenario of multiplexing deferred SPS PUCCH repetitions with normal (non-deferred) PUCCH repetitions. The argument was that in this case, the UCI payload might change from one repetition to the next one, if some deferred SPS HARQ bits are dropped due to the maximum deferral time. It is understood that such modification of the UCI payload from one PUCCH repetition to the next one would require an extra processing step at the gNB for the PUCCH combination. However, this is not something extremely complicated. 
Something else to be considered in this discussion is that the scenario of SPS PUCCH repetitions multiplexing with other PUCCH repetitions is extremely rare and unlikely. As a starting point, the discussion here is about URLLC/IIOT and SPS HARQ deferral is meaningful only in cases in which SPS reconfiguration cannot result in the colliding SPS HARQ being finally transmitted; this means that the discussion is about SPS configurations with periodicities of few msec. Configuring 2, 4, or 8 SPS PUCCH repetitions within a time window of few msec does not seem to be a reasonable option. 
Moreover, with regards to SPS PUCCH repetitions with other SPS PUCCH repetitions multiplexing, the following is mentioned at 3GPP TS 38.213 §9.2.6 [6]:
“A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority” 
From this description, it can be deduced that SPS PUCCH with repetitions cannot be multiplexed with other PUCCH repetitions when the first repetitions start at the same slot (“the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority”).
In addition, the UE cannot multiplex SPS PUCCH with repetitions with other PUCCH repetitions when the PUCCH repetitions have the same priority (“if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot”), if the PUCCH repetitions of two configurations start at different slots.
From the excerpts above, it can be deduced that there is only one case of allowed multiplexing of deferred SPS PUCCH repetitions and of other PUCCH repetitions: it is the case when deferred SPS PUCCH repetitions and the other PUCCH repetitions start at different slots and SPS PUCCH repetitions are of different priority than the other PUCCH repetitions. In this case, after the end of PUCCH repetitions having started earlier, the UCI payload will be different between repetitions.
Observation 2: Multiplexing of SPS PUCCH repetitions with other PUCCH repetitions of different priority and starting at different slot is extremely rare in general. It is even more rare in an URLLC/IIOT context.
Observation 3: In the only allowed case of multiplexing of SPS PUCCH with repetitions with other PUCCH repetitions of different priority and starting at a different slot, there are occasions when the UCI payload will be different between repetitions.
For all of the above, one reasonable way forward would be not to support SPS HARQ deferral in case of SPS PUCCH repetitions configuration. Even if no restriction is applied in terms of maximum deferral time, other problems might appear as mentioned during the last #106bis-e meeting [2] and the benefit is minimal. Therefore, it is proposed not to support joint configuration of SPS HARQ deferral and SPS PUCCH repetitions.
Proposal 8: Do not support joint configuration of SPS HARQ deferral and SPS PUCCH repetitions.
Considering that the case addressed with this discussion is very marginal and considering that this is the last meeting of this Release, the topic should be the one with the lowest priority in the SPS HARQ deferral discussion. The topic should be treated only if there is available time and the other most important topics are settled.
Retransmission of cancelled HARQ-ACK
In the previous meeting the list of topics to be addressed at #107e with regards to retransmission of cancelled HARQ was given [2]. Below is the moderator’s list: 
Just as a list of issues that could be (at least) considered for RAN1#107-e:
· For enhanced Type 3 HARQ-ACK CB, 
· Triggering operation if more than one enh. Type 3 CB is configured – see the discussions on Proposal 3.2.9 versions in different rounds there, namely what happens if the triggering bit is set to ‘1’
· PDSCH scheduling ability 
· If PDSCH is scheduled, which CB is triggered (none / Rel-16 Type 3 / first in the list)
· If PDSCH is scheduled, which existing field to use for indication or introduce a new field for the indication
· For one-shot HARQ-ACK re-tx 
· Triggering details
· Trigger method: 1bit DCI field included (trigger set to ‘1’ cannot scheduled PDSCH, some unused bitfield to indicate the ‘HARQ-retx offset’) or Nbit DCI field (indicating the HARQ-offset, allows scheduling PDSCH) – see Proposal 3.2.13 
· Can the triggering happen before the initial PUCCH occasions? (see Proposal 3.7.1 and related discussions in several rounds)
· Referencing of the HARQ-retx offset t (Alt. 1: n = m - HARQ_retx_offset or Alt. 2: n = m + k1 - HARQ_retx_offset)
· Value range for the HARQ-rx offset 
· Support of simultaneous configuration of one-shot HARQ retx and enh. Type 3 CB? (discussed this time, but without being conclusive)
· Interaction with SPS deferral (e.g. SPS deferral is stopped, if Type 3 CB is triggered?, …)

Although there is in most agreement with the above list, below QC’s list in terms of priority
1. Specification/definition of Rel. 17 Type 3 HARQ CB (and RRC representation)
2. Amount of simultaneously triggered Rel. 17 Type 3 HARQ CBs
3. Rel. 17 Type 3 HARQ CB triggering DCI details:
a. DCI field for indicating 1 of the configured Rel. 17 Type 3 HARQ CB
b. PDSCH scheduling 
4. Alternative methods for HARQ CB reTx without the need of “HARQ_reTx_offset”
5. Value range for the “HARQ_reTx_offset” in triggered HARQ CB reTx
6. Details of DCI triggering HARQ CB ReTx
a. Triggering method
b. DCI field for “HARQ_reTx_offset”
c. PDSCH scheduling
d. Alt 1 vs Alt 2 for “HARQ_reTx_offset”
7. Retransmitted HARQ CB content
8. Interaction with SPS Deferrral
9. Interaction of triggered HARQ CB reTx with PUCCH carrier switching
10. Automatic retransmission of cancelled HARQ CB
11. Simultaneous configuration of Rel. 17 Type 3 HARQ CB and Triggered HARQ CB reTx
12. HARQ CB reTx triggering prior to initial PUCCH

In the description below, the reason for this order will be given.

Prior to addressing the list of items above, it would be useful to go through the scenarios in which retransmission of cancelled HARQ will be applied. This will help the definition of the solutions.
Cancelled HARQ bits in URLLC Scenarios
In the previous meetings, either in form of contributions or during online discussions four scenarios of “cancelled HARQ” were explicitly addressed:
1. Missed (not received) HARQ
2. HARQ multiplexed with PUSCH and PUSCH cancelled via CI
3. LP HARQ Dropped internally due to intra-UE mux. 
4. SPS HARQ Collision with semi-static DL symbols

The scenarios are listed in order of estimated importance and likelihood. In [4], a detailed analysis on the likelihood of the above 4 scenarios was given. Although the scenarios are described in detail in previous contributions, e.g. [4], they are briefly described here as well.  
[bookmark: _Ref71560932]Scenario 1: Missed HARQ
This is the general case at which HARQ is transmitted either via PUCCH or via PUSCH but it is not correctly decoded at the gNB, due to channel conditions, e.g. beam blocking or fading. This is not expected to happen often at IIOT/URLLC scenarios. However, even at the rare cases this happens, using Rel. 17 Type 3 HARQ CB or “triggered HARQ CB ReTx” for retrieving the non-decoded HARQ bits is always more beneficial than PDSCH retransmission.
 Scenario 2: HARQ transmitted via PUSCH & PUSCH cancelled via CI
This scenario was explicitly described in [7]. It is the scenario in which there is both DL and UL traffic to a certain UE. In some occasions, when, the K1 and and K2 values are set properly, then, HARQ feedback bits (and eventually other UCI content) can be multiplexed with PUSCH upon uplink data transmission. One example of HARQ bits being transmitted via PUSCH can be seen in Figure 4. In case the UE receives a Cancellation Indication (CI) via DCI 2-4, e.g. there is other higher priority traffic to be transmitted from another (third) UE, then, both PUSCH and HARQ bits are cancelled. The network can reschedule PUSCH, eventually, but there is no procedure specified for the (co-)cancelled HARQ bits in Rel. 16. Namely, if the network wants to get these HARQ bits from the UE, there is only one method: retransmitting the PDSCH to which HARQ feedback bits correspond. As in the case of SPS PUCCH HARQ bits colliding with DL symbols, in this case as well, unnecessary retransmissions of PDSCH in an URLLC system, which has to be efficient in terms of resource usage, is highly undesirable.


[bookmark: _Ref79143452]Figure 4: Example of HARQ bits being transmitted together with uplink data via PUSCH. In case of Cancellation Indication (CI) reception at the UE, both PUSCH and HARQ bits are cancelled. 
[bookmark: _Ref71580922]Scenario 3: LP HARQ bits cancelled Due to HP Uplink
The second scenario of HARQ bits cancellation was explicitly cited and described in [8] and [9]. In this scenario low priority (LP) PUCCH is dropped/cancelled due to other high priority (HP) uplink traffic, either HP PUCCH or HP PUSCH for the same UE. The UE having to respect the Rel. 16 intra-UE multiplexing rules, in case the overall uplink resource is not sufficient for both HP and LP uplink traffic, the UE drops/cancels the LP PUCCH. Figure 5 shows an example of LP HARQ bits being cancelled due to HP PUCCH transmission. In this specific example, multiplexing the new/later HP PUCCH with the earlier/former LP PUCCH in a common PUCCH resource is not possible. In addition, in this same example, K1 values of the earlier (LP) PUCCH and of the later (HP PUCCH) are set so that UE processing time is respected.


[bookmark: _Ref79143648]Figure 5: Example of LP HARQ bits (LP PUCCH) dropped/cancelled due to HP PUCCH, according to Rel. 16 intra-UE multiplexing rules.
It is noted here that in the scenario discussed here, that all of the traffic of the example in Figure 5 is directed to the same UE. From the description above with regards to timing and resource availability for an extra few bits, it is readily understood that in practice this is not going to be a likely scenario. However, using Rel. 17 Type 3 HARQ CB or triggered HARQ CB reTx for retrieving the LP HARQ bits is always more efficient than PDSCH retransmission.
[bookmark: _Ref84005888]Scenario 4: SPS HARQ Collision With DL Symbols
[bookmark: _Ref79109243]This scenario has been discussed in detail both in the past and above. 
Rel. 17 “Enhanced” Type 3 HARQ-ACK CB 
During the last #106bis-e meeting there was some good progress in the specification of a Rel. 17 Type 3 HARQ CB and on its triggering.
Specification of Rel. 17 Type 3 HARQ CB
With regards to the Rel. 17 Type 3 HARQ CB construction, although it is agreed that the codebook is going to be constructed on the basis of HARQ Process IDs in active CCs, how exactly these requested HARQ Process IDs will be requested is not discussed. 
An additional factor to be considered is that these (up to 8) Rel. 17 Type 3 HARQ CBs are configured in advance at RRC layer and by ignoring the dynamic channel changes. Therefore, the task of somehow predicting which HARQ Processes might need to be retransmitted via this Rel. 17 Type 3 HARQ CB becomes unrealistically challenging.
During the post meeting discussion on RRC parameters, there was a proposal that each one of the configured Rel. 17 Type 3 HARQ CB will be indicated in the form of a bitmap (with the bit set to 1 for each HARQ Process ID present per bitmap). Although this is one reasonable way of representing the requested Rel. 17 Type 3 HARQ CB, this option has one significant drawback. It results in high RRC signaling overhead/payload. Even though the RRC signaling overhead is not a major concern, the RRC message reliability is; i.e. it is different to send a dozen of RRC bits to UE experiencing cancelled HARQ than sending a hundred or more of RRC bits.
As an example, consider a UE with 4 CCs and 16 HARQ Processes per CC, hence in all there are 64 HARQ Processes. In case the network wants to provide full flexibility in terms of Rel. 17 Type 3 HARQ CB construction, then, for each Rel. 17 Type 3 HARQ CB, there is a need for a bitmap equal to 64 bits. If the UE supports 8 Rel. 17 Type 3 HARQ CBs, then, there is a need of 512 bits. In case the network wants to offer some flexibility by allowing different HARQ Process IDs within a given CC, then, there is a need to indicate both:
· CC ID
· bitmap per CC

In this case, in the example under discussion here, there is a need for 18 bits per Rel. 17 Type 3 HARQ CB. In case of 8 configured Rel. 17 Type 3 HARQ CB, there is a need for 144 bits.
An alternative option would be that the HARQ Process IDs within a given Rel. 17 Type 3 HARQ CB are consecutive. In this case the following RRC fields are needed in order to determine a given Rel. 17 Type 3 HARQ CB
· CC ID
· Starting HARQ Process ID #
· Size

Hence in the same example under discussion here, 10 bits per Rel. 17 Type 3 HARQ CB are needed. In case of 8 configured Rel. 17 Type 3 HARQ CB, there is a need for 80 bits. 
In an even more conservative approach, the whole space of HARQ Processes is equally divided into the number of configured Rel. 17 Type 3 HARQ CBs. Hence, in the example here, if there are 8 Rel. 17 Type 3 HARQ CB configured, each Rel. 17 Type 3 HARQ CB is consisted of 8 consecutive HARQ Process IDs. In this case only a single bit entry in RRC is sufficient. 
Not having seen a single example how this flexibility provided by the HARQ Process ID bitmap is used and not being able to make one, the proposal is to go with the options resulting into the lower number of RRC bits.
[bookmark: _Hlk84011399]Proposal 9: Each RRC Configured Rel. 17 Type 3 HARQ CB is defined by
Option 1
i) The list of CC
ii) Starting HARQ Process ID (per CC)
iii) Size (per CC)
In case of consecutive HARQ Process Reported. 
Option 2
An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.
Amount of Simultaneously Requested Rel. 17 Type 3 HARQ CBs
According to the agreement of #106bis-e up to 8 Rel. 17 Type 3 HARQ CBs can be configured for a given UE at a given time instant. Although, it is implicitly understood that only 1 out of the configured Rel. 17 Type 3 HARQ CBs is triggered with a single DCI, it would be useful to make an explicit note on this topic. In practice, we do not see the need to request more than 1 Rel. 17 Type 3 HARQ CBs at a given time; especially if Rel. 16 Type 3 HARQ CB is also one of the configured Rel. 17 Type 3 HARQ CBs.
Proposal 10: Among the RRC configured candidate R17 Type3 HARQ CBs, a single Rel. 17 Type 3 HARQ CB can be requested by a single DCI.
Rel. 17 Type 3 HARQ CB triggering DCI details
At the previous meeting, it was thoroughly discussed and a detailed argumentation was given for 
· Allowing the DCI triggering Rel. 17 Type 3 HARQ CB to schedule PDSCH as well
· A new DCI field is introduced for the indication of 1 out of (up to) 8 RRC Configured Rel. 17 Type 3 HARQ CBs

The option for scheduling PDSCH with this DCI should be available as in Release 16. Increasing the DCI size for 3 bits is not a significant issue, since some UCI overhead is reduced.
Having this DCI field with up to 8 different entries indicating the requested Rel. 17 Type 3 HARQ CB, one of these 8 entries can be used to indicate that no Rel. 17 Type 3 HARQ CB is requested. In this case, this DCI field can indicate up to 3 or 7 different Rel. 17 Type 3 HARQ CBs. In this case, the UE can support up to 3 or 7 release 17 Type 3 HARQ CBs.
Proposal 11: DCI triggering request for Rel. 17 Type 3 HARQ CB can allocate new PDSCH. A new DCI field is introduced for the dynamic indication of the triggered Rel. 17 Type 3 HARQ CB if multiple candidate Rel. 17 Type 3 HARQ CBs are configured.
· The legacy 1-bit field for requesting R16 Type3 CB is not configured in the DCI in this case
· One entry of the new DCI field can be reserved to indicate that no CB is requested
Introduce UE capability for support of 1, 3 and 7 Rel. 17 Type 3 HARQ CBs.
Triggered HARQ-ACK CB retransmission
With regards to the second option for cancelled HARQ retransmission, it seems that the group is pushed to a solution that requires significant DCI signalling overhead. This occurs due to the problem with the missing DCI of the the LP PDSCH and LP PUCCH. The problem was desribed in detail for the first time in [10]. In the last meetings other companies identified the problem and described the need for the DCI triggering the HARQ CB retransmission to indicate:
1. The slot index of the cancelled HARQ CB
2. The size of the cancelled HARQ CB

The slot index of the cancelled HARQ CB is indicated via the HARQ_reTx offset under discussion in the last meetings. With the details of the range of the HARQ_reTx offset not being finalized yet, it is reasonable to assume that 3 or 4 bits will be need in the DCI for this purpose. 
For the purpose of indicating the size of the cancelled HARQ CB, in case this one (cancelled HARQ CB) is not available at the UE, again, an assumption of 3-4 DCI bits is fair. Hence, with the promoted solution, there is a need for 6 or 8 bits to request in some cases a LP HARQ CB of 2 or 3 bits.
Observation 4: The promoted solution of triggered HARQ CB reTx results in an undesirably high number of DCI overhead bits.
At least, alternative solutions have to be discussed.
Triggered HARQ-ACK CB retransmission Without HARQ ReTx Offset
A solution to avoid this ambiguity would be that the network requests feedback from the UE if the UE indeed dropped a LP HARQ CB. The solution was described in detail [3]. Therein it was described in detail that the gNB eventually issues a request to the UE to report together with HARQ-ACK if the UE has indeed dropped LP HARQ. This request is activated by a single bit field in the DCI. The UE appends the response to the request only if the request is activated. A specific PUCCH resource is used for this case. Hence, the following proposal:
Proposal 12: For the “triggered HARQ-ACK CB re-transmission”:
Support UE indication of “cancelled HARQ” in UCI, after gNB request
- gNB request for “UE Indication of Cancelled HARQ CB” in DCI 1_1 or DCI 1_2 with an extra bit.
- per each PUCCH resource in the configured PUCCH resource sets, one additional PUCCH resource for the corresponding UCI payload plus 1 bit is configured.
Once this information is available at the gNB, the network does not need to indicate time or slot offset so as to point to the requested HARQ CB. The network simply sends 1 bit triggering the request for retransmission of the missing HARQ CB. The time window in which the cancelled HARQ CB is located can be equivalent to the range of the HARQ_reTx offset and is configured at RRC level.
Proposal 13: A single bit DCI field is used for triggering the request for the “triggered HARQ-ACK CB re-transmission”; RRC configures the triggering for the “last” or “earliest” cancelled HARQ CB in a time window.
Value range for the “HARQ_reTx_offset”
As mentioned above, the main concern with the promoted solution for the triggered HARQ CB reTx is the DCI overhead. Similarly to the discussion done for the maximum deferral time, different types of encoding of different values can be proposed. The most important is that the whole range is encoded in 3 or 4 bits and it should corresponds either to 8 or 16 slots or to few dozens of sub-slots. The similar approach as the one used for the maximum deferral time should be applied here. 
Proposal 14: Maximum HARQ_reTx_offset value to be configured by RRC should be equal to 16 slots, or 64 sub-slots
As also mentioned in the previous paragraph this RRC configured value corresponds to the time window in which the earliest or latest cancelled HARQ CBs are defined.
As also mentioned during the last meeting, triggered HARQ CB retransmission involves UE storing HARQ CB related information. Due to extra processing and memory requirements, an expiration time or  maximum storage time of each stored cancelled HARQ CB should be introduced. This e
Proposal 15: Introduce an expiration time for the storage of “cancelled HARQ CB”. 
The maximum storage time of “cancelled HARQ CB” can be configured by RRC.
DCI triggering HARQ CB ReTx
As also mentioned during the last meetings from a number of companies and as also listed above, the network, when requesting the retransmission of a cancelled HARQ CB needs to indicate apart from the slot index of the cancelled HARQ, the cancelled HARQ CB size, in case the UE missed the DCI and the cancelled HARQ CB is not available at the UE. In order to avoid extra DCI overhead, one solution would be that RRC defines a default HARQ CB size, e.g. 8 bits and the UE reports this amount of HARQ bits. In case the cancelled HARQ CB is lower than the RRC configured size of the cancelled HARQ CB size, then, the UE reports the amount of HARQ bits in the cancelled HARQ CB and the rest (up to the RRC configured HARQ CB size) is filled with padding. In the opposite case in which the actual cancelled HARQ CB is of larger size than the size configured by RRC, the first HARQ bits are reported.
 Proposal 16: In case the “HARQ-reTx offset” is used for the “cancelled HARQ CB reTx”, RRC configures the cancelled HARQ CB size; the UE always reports the configured HARQ CB size and in case the retransmitted HARQ CB size is smaller than the RRC configured HARQ CB, UE applies padding to the missing HARQ bits. In case the cancelled HARQ CB size is larger than the RRC configured cancelled HARQ CB size, then, the first bits of the cancelled HARQ CB corresponding to the RCC configured cancelled HARQ CB size are reported.
So as to be in alignment with the Rel. 17 Type 3 HARQ CB feature, for this feature as well, it is suggested to use the DCI 1_1 or 1_2 for scheduling PDSCH. The additional DCI field for indicating HARQ_re_Tx offset can be added. This design is in alignment with the Rel. 17 Type 3 HARQ CB design, in which a new DCI field is proposed.
Proposal 17: DCI triggering HARQ CB retransmission can schedule new PDSCH.

Solving Ambiguity of HARQ CB ReTx Offset
In the case of multi-DCI operation in multi-TRP setup, different TRPs can schedule PUCCH transmisson on the same slot, even in case of PUCCH slot based configuration. These different PUCCH transmissions can start at different symbols within the slot. Indicating only the PUCCH slot is not sufficient. The TRP for which HARQ CB issuing the HARQ CB reTx request indicates its identity by the CORESET it uses. In this case, the UE can differentiate from which TRP the request for cancelled HARQ CB is received and hence the associated cancelled HARQ CB.
Proposal 18: For “triggered HARQ CB reTx” triggered in case of multi-DCI configuration in multi-TRP, in which PUCCH sub-slot transmission is possible in PUCCH slot configurations, the UE detects from which TRP the request originates via the CORESET index used in DCI transmission.
Retransmitted HARQ CB Content
There might be cases in which the content of a given cancelled HARQ CB changes in the time between the instant of initial HARQ CB transmission and the time instant when the same HARQ CB is retransmitted. A given HARQ Process ID in the cancelled HARQ CB might have been filled with new HARQ bits. The UE omits these new bits. The same UE behaviour is proposed in case of SPS configurations and the UE is aware that the arrival of new SPS PDSCH implies expiration of the previous one.
Proposal 19: In case one or more of the HARQ Processes in the requested for retransmission HARQ CB are either: 	- occupied by new HARQ bits, or
            - the HARQ bit corresponds to an expired SPS HARQ, then, 
the UE omits reporting these HARQ Processes in the retransmitted HARQ CB which are filled with new HARQ bit.
Interaction With SPS HARQ Deferral
As also described in detail in section 2.5, joint configuration of the solutions for cancelled HARQ retransmission and SPS HARQ Deferral should be supported. The proposal of section 2.5 applies.
 Interaction With PUCCH Carrier Switching
As also described in detail in section 2.5, all of these features enabling the retransmission of missing HARQ bits should be able to interact with PUCCH carrier switching. The justification is straightforward since PUCCH carrier switching can prevent SPS HARQ collisions, missed HARQ bits due to bad channel conditions. In section 2.5 it was proposed to support joint configuration of triggered HARQ CB retransmission and PUCCH carrier switching. In such a joint configuration, if the SCS of different PUCCH carriers is not the same there might be an ambiguity. Therefore, it is proposed to extend the agreement on PUCCH carrier switching for the mixed numerology for the HARQ_reTx_offset. 
Figure 6 illustrates the scenario discussed here. It is an example of LP HARQ dropped due to intra-UE mux and triggered HARQ CB retransmission is applied. Network retrieves the LP dropped (cancelled) HARQ CB in a PUCCH carrier switch context. The involved PUCCH carriers have different SCS sizes and hence different numerologies. The HARQ_reTx_offset is interpreted according to the reference cell numerology. 
Proposal 20: In case of PUCCH carrier switching, the “HARQ-reTx offset” is interpreted according to the numerology and PUCCH configuration of a reference cell.


[bookmark: _Ref87027999]Figure 6: Example of LP HARQ dropped due to intra-UE mux and use of triggered HARQ CB retransmission. Network retrieves the LP dropped (cancelled) HARQ CB in a PUCCH carrier switch context. The involved PUCCH carriers have different SCS sizes and hence different numerologies. The HARQ_reTx_offset is interpreted according to the reference cell numerology.
Joint Configuration of Rel. 17 Type 3 HARQ CB and Triggered HARQ CB ReTx
Joint operation of these features cannot be justified. As already explained above the triggered HARQ CB ReTx, as promoted is entirely inefficient due to high DCI overhead and due to increase in UE complexity as a consequence of extra procedures requiring in storing and maintaining cancelled HARQ CB information. In case a system operator wants to activate the feature, this should be possible, but configuring this inefficient feature and Rel. 17 Type 3 HARQ CB lacks justification and rationale. Moreover, such a joint configuration would require extra DCI overhead in a solution (triggered HARQ CB retransmission) that results in high DCI overhead.
Proposal 21: Do not support joint configuration of Rel. 17 Type 3 HARQ CB and “triggered HARQ CB reTx”.
Automatic (re)Transmission of cancelled HARQ bits Together with (Re)Transmission of Cancelled PUSCH
As also mentioned at previous contributions , automatic solutions of retransmission of cancelled HARQ bits should be supported if the solution is simple, robust, it does not require extra signalling overhead and it does not affect the whole system performance. One such case of automatic transmission on a reserved uplink resource is the “SPS HARQ Deferral to the 1st available PUCCH Resource”. The network reserves the SPS PUCCH A/N resource ID for up to the latest time instant when the colliding with DL SPS HARQ can be transmitted. 
One other case, in which automatic retransmission of cancelled HARQ bits is simple and robust is the one described with the scenario 1 above in §3.1.1. 
In the case of uplink cancellation indication (CI) transmission, the network can request the transmission of the cancelled HARQ feedback-which is multiplexed with the cancelled PUSCH. Namely, as discussed above, HARQ bits can be cancelled via DCI 2_4 (Cancellation Indication), only if HARQ is multiplexed within a PUSCH and the PUSCH is cancelled via DCI 2_4. The case can be seen in Figure 4. It can be seen that there is both downlink and uplink traffic and at a given time instant, PUSCH is multiplexed with the HARQ bits.
In case, the network, requests the (re)transmission of the cancelled PUSCH, with exact same NDI and HARQ Process IDs (for HARQ), as the allocation used for the initially cancelled PUSCH and multiplexed HARQ bits, then, the UE can multiplex the cancelled HARQ bits to the (re)transmitted PUSCH. The starting slot (or sub-slot) and the RPBs as well as the other UL allocation parameters indicated can be different between different UL allocations. This behaviour might be defined upon RRC connection configuration. If this behaviour is enabled, then the UE upon a DCI granting UL resources for PUSCH and provided that resources are sufficient now in this new UL allocation, then, the UE automatically multiplexes cancelled HARQ bits to the PUSCH. The solution can be seen in Figure 7. In case the UCI cancelled contains CSI reports and SR, those (CSI reports and SR) are not automatically multiplexed to the retransmitted PUSCH.
This is another straightforwad method of automatic retransmission of delayed HARQ bits and it is an extension of the “SPS HARQ Deferral” in this case of PUSCH + HARQ cancelled via CI. 
Proposal 22: Support automatic transmission of a single cancelled HARQ ACK info at retransmission of PUSCH cancelled by DCI 2_4.
Provided that DCI 0_x indicates same NDI and HARQ Process ID for both cancelled and retransmitted PUSCH.
In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.
No support for new UCI multiplexed in the retransmitted PUSCH.
Since this automatic (re)transmission of cancelled HARQ bits together with PUSCH should be simple, in case of multiple CIs, the cancelled HARQ can be automatically (re)transmitted together with the separately retransmitted PUSCHs. Hence, no support for partial automatic transmission of canceled HARQ bits via PUSCH, i.e. if 2 CIs with 2 sets of HARQ bits are canceled, UE transmits automatically only 1 set of canceled HARQ bits with one PUSCH and the UE drops the second set of cancelled HARQ bits.
Proposal 23: Do not support partial automatic (re)transmission of cancelled HARQ bits.


[bookmark: _Ref79162493]Figure 7: Example of automatic transmission of cancelled HARQ together with the (re)transmission of cancelled PUSCH.
Automatic (re)transmission of a single dropped LP HARQ CB
In alignment with what was proposed for the other two scenarios of “cancelled HARQ”, the same procedure of “automatic (re)transmission can be applied in the case of a single LP HARQ CB being dropped due to internal UE multiplexing. 


[bookmark: _Ref79163971]Figure 8: Automatic (re)transmission of a single dropped LP HARQ CB on the same PUCCH resource.
The procedure is similar to 
· SPS HARQ deferral to the 1st available PUCCH upon collision with DL or flexible symbols
· Automatic HARQ (re)transmission upon PUSCH + HARQ cancellation (via CI)

In both of the above scenarios, HARQ cannot be transmitted and it is delayed up to the instant when there is available PUCCH resource. The same principle is applied here in the third scenario of “cancelled HARQ”: LP HARQ CB being dropped due to intra-UE multiplexing. In the case of a single LP HARQ CB being dropped and in case there are no new HARQ bits, the UE can try to transmit automatically the dropped LP HARQ CB on the same PUCCH Resource ID that was initially scheduled to the UE. The same PUCCH format is also applied. This solution can work if the network has reserved this uplink resource for the deferred transmission of this LP HARQ CB; it is identical approach to the one used in the case of SPS HARQ deferral. An example can be seen in Figure 8. 
Proposal 24: Support automatic (re)transmission of 1 single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots.
PUCCH cell switching for HARQ feedback
In RAN1 105e, the following agreement was agreed to support PUCCH cell switch, with some FFS to be solved. 
Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
In this section, we discuss the remaining open issues for PUCCH cell switch 
[bookmark: _Hlk71105253]PUCCH cell switch cross CCs with different numerologies
With different numerologies between Pcell and Scell, for semi-static PUCCH cell switch, there are two issues which need special handling, as shown in Fig 9. 
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[bookmark: _Ref86520304]Fig 9: Two cases of PUCCH cell switch with mixed numerologies
For case 1, the following agreement was made in RAN1 106#bis-e. The advantage of Alt 1 is its simplicity and its benefit to reduce PUCCH latency, which is the motivation to introduce this PUCCH cell switch in Rel-17. The “claimed” advantage of Alt 2 by the proponents is that it allows gNB certain level of flexibility to distribute different UEs to different slot of the multiple Scell slots which overlap with the single Pcell slot, which can avoid collision/congestion of UEs. However, given different UEs are using different PUCCH resources and they don’t collide anyway, the benefit of avoiding collision among UEs seems not justified.  
Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829

Based on the above discussion, the following proposal is made. 
Proposal 25: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  Alt 1 is adopted, i.e., the first target PUCCH slot overlapping with the PCell slot is used for PUCCH transmission.
For case 2, the following agreement was made in RAN1 106#bis-e. Both alternatives can work. Due to its simplicity, Alt 4 is slightly preferred. 
Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 

Based on the above discussion, the following proposal is made.   
Proposal 26: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 4 is adopted, i.e., the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.
[bookmark: _Hlk78904736][bookmark: _Hlk71109064][bookmark: _Hlk53920445]FR2 specific aspects on PUCCH cell switch
In Rel-16, up to 64 PUCCH-spatialRelationInfo can be configured by RRC for an UL BWP of Pcell or PScell. MAC-CE set up the mapping between PUCCH-spatialRelationInfo(s) and PUCCH resource(s), as shown in Fig 10. 
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[bookmark: _Ref86517928]Fig 10: Mapping between PUCCH spatial relation info and PUCCH resource in Rel-16
In Rel-16, the above PUCCH-sptialRelationInfo RRC configuration and MAC-CE based mapping is specified only for Pcell or PScell. With PUCCH cell switch, PUCCH can be transmitted on Scell. Apparently, the mechanism for PUCCH spatial relation needs to be extended to Scell. Based on the agreements made in previous RAN1 meetings which allows PUCCH configuration per cell, RRC configuration of PUCCH-spatialRelationInfo is already available on Scell. The only missing piece to complete the PUCCH-spatialRelationInfo mechanism is the mapping between PUCCH-spatialRelationInfo(s) and PUCCH resource(s) on Scell. 
As shown in Fig 11, a natural extension is expanding MAC-CE structure to indicate the mapping between PUCCH-spatialRelationInfo(s) and PUCCH resource(s) independently on each cell. To reduce MAC-CE overhead, some restriction of the mapping could be introduced such as forcing a same mapping applies to both Pcell and Scell. 
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[bookmark: _Ref86518575]Fig 11: Mapping between PUCCH spatial relation info and PUCCH resource in Rel-17
Proposal 27: Support reusing existing mechanism (e.g., MAC-CE) to signal PUCCH spatial relation on the Scell with PUCCH resources configured. FFS further optimization to reduce signalling overhead. 
Another FR2 specific aspect related to PUCCH cell switch is the beam switch associated with cell switch. In case different UL beams (PUCCH-spatialRelationInfo) is configured for Pcell and the target PUCCH Scell, a cell switch comes together with a UL beam switch. In Rel-15, the max number of beam switches a UE can performance within a slot is up to UE capability “maxNumberRxTxBeamSwitchDL”, which “defines the number of Tx and Rx beam changes UE can perform on this band within a slot. UE shall report one value per each subcarrier spacing supported by the UE. In this release, the number of Tx and Rx beam changes for scs-15kHz and scs-30kHz are not included”, accordingly to TS 38.306.
In principle, for two PUCCHs transmit on two different cells in a same slot due to a PUCCH cell switch, if the PUCCH beams for the PUCCHs are different, this PUCCH cell switch should be considered as an event triggering an “Tx and Rx beam change”. One should notice that the “maxNumberRxTxBeamSwitchDL” is defined per subcarrier space and per band. Due to potential different numerologies between the original PUCCH cell and target PUCCH cell, a tricky question is whether this event should be count on the original PUCCH cell and target PUCCH cell? In Rel-15, there are similar issue for PUSCH beam switch for UL CA, i.e., in a slot where PUSCH 1 with beam 1 is transmitted on CC1 and PUSCH 2 with beam 2 is transmitted on CC2, whether the beam switch between the two PUSCH should be count on CC1 or CC2? The solution in Rel-15 is counting this beam switch twice, once for CC1 and once for CC2. Following the same principle, we could solve this issue for PUCCH beam switch by counting it twice.   
Therefore, we have the following proposal. 
Proposal 28: If a PUCCH cell switching in a same slot resulting different PUCCH-spatialRelationInfo before and after the switching, the PUCCH cell switching is counted a “Tx beam change” event twice, where once with the original PUCCH cell and once with the target PUCCH cell.     
Power headroom report for PUCCH cell switch
In NR, power headroom report (PHR) is only defined for PUSCH and SRS transmission. Namely, Type 1 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. Type 3 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell. Type 2 PHR is reserved in NR spec TS 38.213 but was not used so far. 
In NR Rel-15/16, there is no strong motivation to report PHR for PUCCH on PCC, because gNB can do nothing about PUCCH (rather than still schedule UE to transmit it especially for HARQ-ACK feedback), even it figures out power headroom is 0 or negative. However, in NR Rel-17 with PUCCH carrier switch, there is motivation to do PUCCH PHR report because gNB need to decide schedule PUCCH on which CC, i.e., put PUCCH (especially dynamic HARQ-ACK feedback) on CC with positive/larger power headroom. 
An example scenario is illustrated as in Error! Reference source not found.. Assuming simultaneous PUCCH and PUSCH transmission is enabled, PHR is triggered to be reported in the PUSCH on PCC. Accordingly to RAN2 spec, UE should report PHR for both Pcell and Scell. In this PHR report, UE should report the legacy type 1 PHR for PCC. In addition, UE should report a new “type 4” PHR for PUCCH transmission on SCC. Therefore, base station can derive the power headroom for both PCC and SCC and it can decide the next dynamic HARQ-ACK feedback should be scheduled on PCC or SCC. 




The calculation of PUCCH PHR is very similar to PUSCH PHR. For PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes a type 4 PHR for PUCCH as 
  [dB]

where , , , , ,  and  are defined in Subclause 7.2.1 of TS 38.213. 
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Fig 12: An example scenario of actual PHR for PUCCH 
Based on the above discussion, it is proposed to use the reserved PHR type 2 for PUCCH PHR report. 
[bookmark: _Hlk83848571]Proposal 29: For PUCCH cell switch in NR Rel-17, use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCH group, following the PHR calculation as below.
[bookmark: _Hlk83847657]  [dB] 
[bookmark: _Ref86958157]Furthermore, to optimize PHR mechanism, since PUCCH can be switched between Pcell and Scell, in case the Pcell or Scell has no actual PUCCH transmission, to deliver the PUCCH power headroom information to gNB such that gNB can decide schedule future PUCCH on Pcell or Scell, virtual PUCCH PHR should be introduced. As shown in the scenario in Fig 13, for Pcell, UE needs to report a type 1 actual PHR for PUSCH and a type 2 virtual PHR. While for Scell, UE needs to report a type 1 virtual PHR for PUSCH, and a type 2 actual PHR for PUCCH. 
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[bookmark: _Ref86958496]Fig 13: An example scenario of virtual PHR for PUCCH
With the above analysis, we have the following proposal to introduce type 2 virtual PHR for PUCCH. 
Proposal 30: For PUCCH cell switch in NR Rel-17, use type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group. 
Semi-static PUCCH carrier switch with Scell deactivation 
In uplink CA, Scell can be activated and deactivated by MAC-CE. For dynamically indicated PUCCH carrier switch, it is not an issue, as dynamical DCI can always adjust the target cell index. However, for semi-statically configured PUCCH carrier switch, RRC reconfiguration is not convenient and not agile enough to catch up the MAC-CE based Scell activation/deactivation. For example, in the scenario illustrated by Fig 14, if MAC-CE deactivate SCC-2, while the RRC configured time pattern indicate UE to use SCC-2, how should UE handle this situation? Clearly, certain fallback behaviour is needed to be specified due to Scell deactivation. 
The simplest solution is removing the deactivated Scell from the time pattern, until it is reactivated by MAC-CE. This simple solution can work but it does not fully utilize the available UL resource across all active CCs. An improved approach is defining one or even multiple fallback cells. With one fallback cell, it is natural to fall back to Pcell. With multiple fallback cells defined, a fallback ordering could be defined, such as, fallback to Pcell first, followed by Scell-1, Scell 2, …, etc. Given its simplicity, it is preferred to introduce 
Proposal 31: for semi-static PUCCH carrier switch, if a Scell indicated in the time pattern is deactivated by MAC-CE, the Scell cell is fallback to Pcell in the time pattern. 
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[bookmark: _Ref83848045]Fig 14: PUCCH carrier switch with Scell activation/deactivation
Semi-static cell switch for dynamic PUCCH scheduled by legacy DCI
For dynamically scheduled PUCCH, if the scheduling DCI has the new dedicated field to indicate PUCCH target cell, PUCCH is transmitted on the target cell following the new field in DCI. 
For dynamic scheduled PUCCH, if the scheduling DCI is a legacy DCI which does not include the new dedicated filed to indicate the PUCCH target cell, what is UE behaviour?
A reasonable UE behaviour can be specified as illustrated in Fig 15. If the time pattern is already configured by RRC to the UE, it is natural to allow the dynamic PUCCH scheduled by legacy DCI follow the time pattern as well to explore the benefit the PUCCH cell switch. If the time pattern has not been configured yet, then the dynamic PUCCH scheduled by legacy DCI should fallback to transmission on Pcell. 
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[bookmark: _Ref86574481]Fig 15: PUCCH carrier switch with dynamic PUCCH scheduled by legacy DCI
Based on the above discussion, the following proposal is made. 
Proposal 32: A PUCCH scheduled by legacy DCI without the dedicated PUCCH target cell indication field is transmitted on a target PUCCH cell following the time pattern for semi-static cell switch, if it is configured by RRC; otherwise, the PUCCH is transmitted on Pcell/PScell/PUCCH-Scell. 
Semi-static PUCCH carrier switching per PHY priority
In some scenarios, it is justified to configure semi-static PUCCH carrier switching only for a given physical layer priority; e.g. in case of heavily loaded PUCCH carriers, only the HP PUCCH can be switched to a new PUCCH carrier.
Proposal 33: Support semi-static PUCCH carrier switching per PHY priority.
Semi-static PUCCH carrier switching per traffic type
In some scenarios, it is justified to configure semi-static PUCCH carrier switching only for a given type of traffic; e.g. in case of DL packet expiration, then, only these HARQ bits corresponding to DL traffic about to expire can be switched to a new PUCCH carrier with this feature. The UE cannot know which DL packets are about to expire in most cases. However, in certain IIOT SPS configurations, e.g. motion control, it is known on both sides that arrival of new SPS PDSCH implies that the previous SPS PDSCH has expired. In this specific case, the UE can determine if the HARQ bits in its buffers correspond to DL traffic, about to expire. One good indication in the case of SPS configuration, is HARQ bits about to be transmitted are N slots far from the next SPS occurrence. In this case, the UE can determine that these bits have to be transmitted and only for these bits semi-static PUCCH carrier switching is activated.
Proposal 34: Support semi-static PUCCH carrier switching for SPS HARQ corresponding to SPS occasion about to expire, i.e. N slots prior to the arrival of the new SPS occurrence.
Interaction between PUCCH cell switch and other features
PUCCH cell switch is a new UL feature introduced in Rel-17. This new feature needs to interact with other legacy UL features which were already supported in Rel-15/16/17, when they are enabled together. In the following, we list a few other UL legacy features which are closed related to PUCCH cell switch and we suggest RAN1 to study whether and how to support joint operation of PUCCH cell switch with those legacy features. 
1. Joint operation of PUCCH cell switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing
2. Joint operation of PUCCH cell switch with PUCCH repetition
3. Joint operation of PUCCH cell switch with SPS A/N deferral

For joint operation 1, the parallel PUCCH/PUSCH transmission and intra-UE multiplexing are two key features for Rel-17 URLLC. Together with PUCCH cell switch, the joint operation of the three features can greatly improve the flexibility, latency, and reliability of URLLC in UL CA scenarios. It is desired to support joint operation 1. For joint operations 2 and 3, it can reduce the latency for PUCCH repetition and SPS A/N feedback. Therefore, they seem good to have too. However, impact to specification and UE implementation complexity is another factor RAN1 need to consider before deciding supporting the above joint operations. 

Proposal 35: RAN1 to study how to support the following joint operations.
· Joint operation of PUCCH cell switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Joint operation of PUCCH cell switch with PUCCH repetition.
· Joint operation of PUCCH cell switch with SPS A/N deferral.
Conclusions
In summary, we make the following observations for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, other mechanism controlled by the network are needed.
Observation 2: Multiplexing of SPS PUCCH repetitions with other PUCCH repetitions of different priority and starting at different slot is extremely rare in general. It is even more rare in an URLLC/IIOT context.
Observation 3: In the only allowed case of multiplexing of SPS PUCCH with repetitions with other PUCCH repetitions of different priority and starting at a different slot, there are occasions when the UCI payload will be different between repetitions.
Observation 4: The promoted solution of triggered HARQ CB reTx results in an undesirably high number of DCI overhead bits.
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: SPS HARQ-ACK deferral is not activated for UEs configured to monitor PDCCH for DCI 2_0 (SFI).

Proposal 2: Maximum deferral value to be configured by RRC should be equal to 16 slots, or 64 sub-slots.
Proposal 3: The maximum deferral time to be supported is subject to UE capability.
Proposal 4: For Rel. 17 intra-UE multiplexing of HP deferred SPS HARQ and LP deferred SPS HARQ, if there is at least a single high priority HARQ bit in the combined HARQ CB, the whole HARQ CB is of high priority.

Proposal 5: Support multiplexing of deferred SPS HARQ with a known/existing DG PUCCH or PUSCH at a slot, located up to 2 slots later than the target slot (slot of first available PUCCH resource).

Proposal 6: For SPS HARQ collision with DL symbols, support joint configuration of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” and of any of the below, if applicable.:
· “PUCCH Carrier Switch” (in case of more than 1 PUCCH CCs), 
· “Rel. 17 Type 3 CB HARQ”, or
· “Request triggered HARQ-ACK codebook retransmission”

Proposal 7: Upon joint configuration of any combination of “SPS HARQ deferral to 1st available PUCCH resource”, “PUCCH carrier switching”,  “Rel. 17 Type 3 CB HARQ”, “Triggered request for HARQ Retransmission”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found (for SPS HARQ deferral to 1st available PUCCH resource), or
· When a “PUCCH-carrier switch command” is received in DCI (in case of more than 1 PUCCH CCs and if dynamic PUCCH-carrier switching is activated), or
· When a request for “Rel. 17 Type 3 HARQ CB” is received, or
· When a DCI for “1-shot HARQ retransmission” is received, or
· When DCI granting DG HARQ or DG PUSCH is received and the allocated uplink resources is sufficient for both the new uplink payload (data or UCI) and for deferred SPS HARQ bits, or
When the maximum value of “k1_def” is reached.

Proposal 8: Do not support joint configuration of SPS HARQ deferral and SPS PUCCH repetitions.
Proposal 9: Each RRC Configured Rel. 17 Type 3 HARQ CB is defined by
Option 1
i) The list of CC
ii) Starting HARQ Process ID (per CC)
iii) Size (per CC)
In case of consecutive HARQ Process Reported. 
Option 2
An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.

Proposal 10: Among the RRC configured candidate R17 Type3 HARQ CBs, a single Rel. 17 Type 3 HARQ CB can be requested by a single DCI.

Proposal 11: DCI triggering request for Rel. 17 Type 3 HARQ CB can allocate new PDSCH. A new DCI field is introduced for the dynamic indication of the triggered Rel. 17 Type 3 HARQ CB if multiple candidate Rel. 17 Type 3 HARQ CBs are configured.
· The legacy 1-bit field for requesting R16 Type3 CB is not configured in the DCI in this case
· One entry of the new DCI field can be reserved to indicate that no CB is requested
Introduce UE capability for support of 1, 3 and 7 Rel. 17 Type 3 HARQ CBs.

Proposal 12: For the “triggered HARQ-ACK CB re-transmission”:
Support UE indication of “cancelled HARQ” in UCI, after gNB request
- gNB request for “UE Indication of Cancelled HARQ CB” in DCI 1_1 or DCI 1_2 with an extra bit.
- per each PUCCH resource in the configured PUCCH resource sets, one additional PUCCH resource for the corresponding UCI payload plus 1 bit is configured.
Proposal 13: A single bit DCI field is used for triggering the request for the “triggered HARQ-ACK CB re-transmission”; RRC configures the triggering for the “last” or “earliest” cancelled HARQ CB in a time window.
Proposal 14: Maximum HARQ_reTx_offset value to be configured by RRC should be equal to 16 slots, or 64 sub-slots
Proposal 15: Introduce an expiration time for the storage of “cancelled HARQ CB”. 
The maximum storage time of “cancelled HARQ CB” can be configured by RRC.
Proposal 16: In case the “HARQ-reTx offset” is used for the “cancelled HARQ CB reTx”, RRC configures the cancelled HARQ CB size; the UE always reports the configured HARQ CB size and in case the retransmitted HARQ CB size is smaller than the RRC configured HARQ CB, UE applies padding to the missing HARQ bits. In case the cancelled HARQ CB size is larger than the RRC configured cancelled HARQ CB size, then, the first bits of the cancelled HARQ CB corresponding to the RCC configured cancelled HARQ CB size are reported.
Proposal 17: DCI triggering HARQ CB retransmission can schedule new PDSCH.
Proposal 18: For “triggered HARQ CB reTx” triggered in case of multi-DCI configuration in multi-TRP, in which PUCCH sub-slot transmission is possible in PUCCH slot configurations, the UE detects from which TRP the request originates via the CORESET index used in DCI transmission.
Proposal 19: In case one or more of the HARQ Processes in the requested for retransmission HARQ CB are either: 	- occupied by new HARQ bits, or
            - the HARQ bit corresponds to an expired SPS HARQ, then, 
the UE omits reporting these HARQ Processes in the retransmitted HARQ CB which are filled with new HARQ bit.
Proposal 20: In case of PUCCH carrier switching, the “HARQ-reTx offset” is interpreted according to the numerology and PUCCH configuration of a reference cell.
Proposal 21: Do not support joint configuration of Rel. 17 Type 3 HARQ CB and “triggered HARQ CB reTx”.

Proposal 22: Support automatic transmission of a single cancelled HARQ ACK info at retransmission of PUSCH cancelled by DCI 2_4.
Provided that DCI 0_x indicates same NDI and HARQ Process ID for both cancelled and retransmitted PUSCH.
In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.
No support for new UCI multiplexed in the retransmitted PUSCH.

Proposal 23: Do not support partial automatic (re)transmission of cancelled HARQ bits.
Proposal 24: Support automatic (re)transmission of 1 single dropped LP HARQ-ACK CB. Automatic (re)transmission at the same PRI as the one for the initial PUCCH allocation; PRI allocation valid for up to N slots.

Proposal 25: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  Alt 1 is adopted, i.e., the first target PUCCH slot overlapping with the PCell slot is used for PUCCH transmission.

Proposal 26: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, Alt. 4 is adopted, i.e., the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

Proposal 27: Support reusing existing mechanism (e.g., MAC-CE) to signal PUCCH spatial relation on the Scell with PUCCH resources configured. FFS further optimization to reduce signalling overhead. 
Proposal 28: If a PUCCH cell switching in a same slot resulting different PUCCH-spatialRelationInfo before and after the switching, the PUCCH cell switching is counted a “Tx beam change” event twice, where once with the original PUCCH cell and once with the target PUCCH cell.     
Proposal 29: For PUCCH cell switch in NR Rel-17, use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCH group, following the PHR calculation as below.
  [dB] 
Proposal 30: For PUCCH cell switch in NR Rel-17, use type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group.

Proposal 31: for semi-static PUCCH carrier switch, if a Scell indicated in the time pattern is deactivated by MAC-CE, the Scell cell is fallback to Pcell in the time pattern.

Proposal 32: A PUCCH scheduled by legacy DCI without the dedicated PUCCH target cell indication field is transmitted on a target PUCCH cell following the time pattern for semi-static cell switch, if it is configured by RRC; otherwise, the PUCCH is transmitted on Pcell/PScell/PUCCH-Scell.

Proposal 33: Support semi-static PUCCH carrier switching per PHY priority.

Proposal 34: Support semi-static PUCCH carrier switching for SPS HARQ corresponding to SPS occasion about to expire, i.e. N slots prior to the arrival of the new SPS occurrence.

Proposal 35: RAN1 to study how to support the following joint operations.
· Joint operation of PUCCH cell switch, parallel PUCCH/PUSCH transmission, and intra-UE multiplexing.
· Joint operation of PUCCH cell switch with PUCCH repetition.
· Joint operation of PUCCH cell switch with SPS A/N deferral.
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Slot format change according to SFI (DCI 2_0)
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All flexible symbols should be interpreted as DL symbols at the current slot
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UE misses DCI 2_0 (SFI)
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Slot Format Change

(according to

RRC Configuration)
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“Collided with DL SPS HARQ” Multiplexing onto PUSCH
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◦
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◦

Deferred SPS HARQ
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HARQ bits Multiplexed with PUSCH – Dropped HARQ upon CI
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PDSCH

PUCCH
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PDCCH
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DG:DCI 1_1

K1: 48 symbols (

24 2-symbol subslots

)
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)
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c

T
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Release 16 – Dropped HARQ upon Cancelation Indication (DCI 2_4)

PUSCH cancelation results in 

“cancelled” UCI (HARQ).

Rel 16: UCI (HARQ) dropped.

Rel 17: What to do the with the co-

cancelled HARQ? 

gNB

•

Note

Similar problem when HARQ 

bits multiplexed with CG PUSCH
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Dropped LP PUCCH Due to HP PUCCH
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PDSCH

PUCCH

HP PUCCH + LP PUCCH

Multiplexing Not Possible
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2 Flexible Symbols,

6 UL symbols repeated,
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•
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- (HP) DCI 1_1 does not 

indicate sufficient resources 

for both HP PUCCH and LP 

PUCCH

- for LP PUCCH 

- K1 > K1_minimum + 1 slot 
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“HARQ_ReTx_Offset” Interpreted According to Ref. CC Numerology

◦ Assumptions

• semi-static PUCCH carrier switch configuration

◦ “

find earlier PUCCH channel for HARQ

”

• CC 0 tdd-Ul-Dl-ConfigCommon

◦ 15 DL slots, 5 UL slots

◦ Dl-Ul-TransmissionPeriodicity: 10 ms

• CC 1 tdd-Ul-Dl-ConfigCommon

◦ 3 DL slots, 2 UL slots

◦ Dl-Ul-TransmissionPeriodicity: 5 ms
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(CC 0) Numerology

If Alt  1 adopted for ‘HARQ_retx_offset’: HARQ_retx_offset = 5 (slots)

If Alt  2 adopted for ‘HARQ_retx_offset’: HARQ_retx_offset = 9 (slots)
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“HARQ_ReTx_Offset” Interpreted According to Ref. CC Numerology
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“Cancelled” HARQ Automatic Tx with “co-Cancelled” PUSCH (re)Tx 
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Automatic (re)Tx of Single Dropped LP PUCCH on same PUCCH 

Resource - Example
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(Slot Format 45, 
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2 Flexible Symbols,
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c

gNB

- Initial LP DCI 1_x indicates 

- PRI

- K1 (PDSCH-to-HARQ-timing)

- Validity of PUCCH Resource in case of LP PUCCH 

cancelled/dropped due to internal HP PUCCH, in 

number of slots/or subslots, e.g. 8 slots

- Upon LP PUCCH dropping/internal 

cancellation

- UE (re)transmits the dropped LP PUCCH at next 

available UL slot (subslot) on same PUCCH 

Resource as the initial LP DCI 1_x

- If slot occupied, attempt up to Nth slot 

(subslot) after LP PUCCH dropping 

LP PUCCH transmission at first available slot

At same PRI

(attempt up to 8

th

slot after dropping)

Note: DCI 1_x stands for either i) DCI 1_1 or ii) DCI 1_2
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Automatic (re)Tx of Single Dropped LP PUCCH on same PUCCH Resource - Example
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