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In RAN plenary #95, it was concluded that the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support [1] was finalized. The main objectives of the work item were achieved and as such, the work on 
· UE feedback enhancements for HARQ-ACK [RAN1]
is finalized.
In this contribution, some clarifications or modifications to the existing agreements are proposed. 
The issues addressed are targeting the following topics:
1. SPS HARQ deferral
2. Rel. 17 Type 3 HARQ CB
3. Triggered HARQ CB retransmission (“1-shot HARQ CB retransmission”)
4. PUCCH carrier switching. 
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Timeline for Dropping Deferred SPS HARQ 
At #108bis-e meeting, the issue of the UE timeline for the replacement of deferred SPS HARQ bit(s) with new HARQ bit(s) within a given HARQ Process is mentioned [2].  The example of Figure 1 was presented and the ambiguity on what is finally transmitted by the UE was described. At a given slot PUCCH 1 that carries SPS HARQ feedback for SPS PDSCH 1 collides with DL. SPS is configured with SPS HARQ deferral and therefore SPS HARQ having collided with DL is deferred to the “1st available PUCCH resource”. While UE tries to find the “1st available PUCCH resource” for the deferred SPS HARQ bit(s), the UE receives a new DCI for DG PDSCH 2. The HARQ feedback for this PDSCH 2 is scheduled in the same HARQ process ID, in which the deferred SPS HARQ bits are stored. According to the #106-e agreement:
	Agreement
· For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
· (working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped. 
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID



the UE drops the deferred SPS HARQ bit(s) stored in this given HARQ Process upon reception of PDSCH 2 and upon decoding of the corresponding DCI that points to the same HARQ Process ID in which deferred SPS HARQ bit(s) are stored, then, the UE starts the procedure of dropping the deferred SPS HARQ bit(s) and replacing them with the new HARQ bit(s). The UE timeline for the replacement of the deferred SPS HARQ with the new HARQ bit(s) is Tproc,x in Figure 1. During this time period, the UE receives another DCI for a PDSCH 3 and for its associated HARQ CB. The new HARQ CB that corresponds to PDSCH 3 is multiplexed with the HARQ CB that corresponds to PDSCH 2. The UE timeline for multiplexing these two HARQ CBs is Tproc,y in Figure 1. At the beginning of this procedure of HARQ CBs multiplexing, two cases exist:
· The UE has managed to replace the deferred SPS HARQ with the new HARQ bit(s) that correspond to PDSCH 2
· The has not managed to replace the deferred SPS HARQ with the new HARQ bit(s) that correspond to PDSCH 2.

In the first case, the UE multiplexes the HARQ CB for PDSCH 3 with the HARQ CB that corresponds to PDSCH 2. In the second case, the UE multiplexes the HARQ CB for PDSCH 3 with the deferred SPS HARQ CB. This creates an ambiguity at the network, in which two different total HARQ CBs might be received. This ambiguity is solved if the network is aware of the exact UE timeline for dropping the deferred SPS HARQ bit(s) and replacing it with new HARQ bit(s). The wisest option is to consider the same time as the one used by the UE to multiplex HARQ with PUSCH, which is the most demanding case in terms of UE processing timeline. Therefore, the proposal below:


[bookmark: _Ref86936507]Figure 1: UE behavior for replacement of deferred SPS HARQ bits with new HARQ bits in a given HARQ Process ID; eventual ambiguity at the network arising from the fact that the network does not know the exact timeline for replacing the deferred SPS HARQ bit(s) with new HARQ bit(s).
Proposal 1: For SPS HARQ-ACK deferral, further clarify the timeline behaviour on top of the earlier RAN1#105-e agreement with the following additions in green:
Agreement: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receive PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped according to the Rel. 15 UE timeline for PUSCH preparation, i.e. after Tproc,2.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID
Joint configuration of SPS HARQ Deferral and Triggered HARQ CB Retransmission
In  #107bis-e meeting, the following was agreed:
	Agreement
Support the simultaneous configuration of one-shot triggering of HARQ re-transmission and SPS deferral 
· One-shot HARQ-ACK re-transmission can trigger re-transmission SPS HARQ-ACK enabled with deferring from the initial SPS HARQ deferral slot. 
· If the PUCCH slot indicated by the HARQ_retx_offset is the ‘target’ or earliest ‘second’ slot for SPS HARQ-ACK deferral, the HARQ-ACK CB including the deferred SPS HARQ-ACK bits will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI. 
· For the SPS HARQ-ACK deferral procedure, the PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a valid potential target PUCCH slot for SPS HARQ-ACK deferral with same PHY priority (at least for operation with Rel-16 PHY prioritization) as the PHY priority of the triggered one-shot HARQ-ACK re-transmission.
If the PUCCH slot with a one-shot triggered HARQ-ACK CB is determined by the UE as target or earliest second PUCCH slot for SPS HARQ-ACK deferral, the deferred SPS HARQ-ACK in a target slot is appended to the re-transmitted HARQ-ACK CB and initial, new HARQ-ACK (if any) following the operation of SPS HARQ-ACK deferral procedure.



According to this agreement, SPS HARQ that collides with DL in the “initial slot” can be retransmitted via triggered HARQ CB retransmission. In this case, it might happen that the slot in which the HARQ CB is retransmitted is the same as the “target slot”. This case is illustrated in Figure 2. In slot #N, SPS HARQ collides with DL. SPS HARQ deferral is configured and therefore UE tries to defer the collided SPS HARQ to the “1st available PUCCH resource”. A slot later, the network requests the retransmission of the SPS HARQ CB having collided with DL – via HARQ_reTx_Offset – and the SPS HARQ CB retransmission is scheduled for the slot #N + 3. This same slot happens to be the “target slot”, or “1st available PUCCH slot” for the SPS HARQ deferral. In this case, the UE transmits the collided SPS HARQ CB once, in the form of triggered HARQ CB retransmission and the deferral procedure stops. This behavior is in alignment with the UE behavior in the case of joint configuration of SPS HARQ deferral and Rel. 17 Type 3 HARQ CB. Therefore, the following proposal:
Proposal 2: In case of joint configuration of SPS HARQ deferral and triggered HARQ CB retransmission; retransmitted HARQ CB and deferred SPS HARQ CB transmitted in the same slot and some HARQ Processes are contained in both i) deferred SPS HARQ CB and ii) retransmitted HARQ CB, the overlapping HARQ Processes from the deferred SPS HARQ CB are dropped.


[bookmark: _Ref101546255]Figure 2: Joint configuration of SPS HARQ Deferral and Triggered HARQ CB retransmission. Slot in which SPS HARQ CB is retransmitted coincides with “target slot” for SPS HARQ Deferral.
Release 17 Type 3 HARQ CB 
RRC Representation of Release 17 Type 3 HARQ CB 
In  #107-e meeting, the following was agreed:
	Agreement 
One enhanced Type 3 HARQ-ACK codebook is RRC configured either as:
1. a subset of CC, i.e., all HARQ processes of the subset of CCs are part of the codebook, OR
	pdsch-HARQ-ACK-enhType3perCC
	Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration
	(1..maxNrofServingCells) of Integer (0,1)


       2. a subset of configured HARQ processes per CC, , i.e., i.e., different subsets of HARQ processes can be configured for each CC.
	pdsch-HARQ-ACK-enhType3perHARQ
	Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process
 and CC configuration
	(1..maxNrofServingCells) of Bit String (Size (16))






According to this agreement, each Rel. 17 Type 3 HARQ CB is represented as a bitmap at RRC level. This is a reasonable representation of the Rel. 17 Type 3 HARQ CB as this Rel. 17 Type 3 HARQ CB is specified according to the above agreement. The problem with this RRC representation of Rel. 17 Type 3 HARQ CB can be the overhead.
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.
Considering the high overhead of this RRC representation, it is questionable what type of flexibility is provided by configuring up to 8 different bitmaps with HARQ process IDs for the up to 8 Rel. 17 Type 3 HARQ CBs. 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 and hence might form this becomes unrealistically challenging.
Moreover, despite the above agreement there has never been a discussion in RAN 1 or RAN 2 on how this subset of HARQ Processes of a subset of active CCs can be represented in RRC; hence, how the above agreement can be translated into an RRC configuration. Although the bitmap is one reasonable way of representing the requested Rel. 17 Type 3 HARQ CB, this option has one significant drawback, as mentioned above. 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.
Other ways of representing a Rel. 17 Type 3 HARQ CB without the drawback of RRC overhead can be imagined. 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. 


Figure 3: Examples of alternative RRC representations of Release 17 Type 3 HARQ CB.
Without 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 investigate additional ways of representing an Rel. 17 Type 3 HARQ CB in RRC.
Proposal 3: In addition to the existing RRC configuration of a Rel. 17 Type 3 HARQ CB as a bitmap of the selected HARQ Processes per CC, adopt new RRC configurations of a Rel. 17 Type 3 HARQ CB considering that consecutive HARQ Processes are included in a Rel. 17 Type 3 HARQ CB.
Content Change of Release 17 Type 3 HARQ CB During PUCCH Repetitions
In #108-e meeting, the following was agreed:
	Agreement 
Joint operation between PUCCH repetition and Rel-17 enhanced Type 3 HARQ-ACK CB triggering is supported in Rel-17.



According to this agreement, a given Rel. 17 Type 3 HARQ CB might be transmitted 2, 4 or 8 times. Considering that Rel. 17 Type 3 HARQ CB can contain several HARQ Processes, or even all, then, there are chances that the content of one or more HARQ Processes in the Rel. 17 Type 3 HARQ CB is changing during repetitions. In this case, repetitions are valuable only if the exact same copy is repeated across all repetitions. One option would be to ignore the new HARQ bits; this option results in unnecessary retransmissions. The other option is that the UE stores the new HARQ bits in a new structure till the end of PUCCH repetitions. This increases the UE complexity. The simplest option is that the UE simply stops PUCCH repetitions at this instant. Hence, why the following proposal:
Proposal 4: The UE is not expecting the content of a HARQ Process ID contained in Rel. 17 Type 3 HARQ CB to change during PUCCH repetitions of a Rel. 17 Type 3 HARQ CB.

Duplicate HARQ Processes 
In #108-e meeting, the following was agreed:
	Agreement 
Support joint operation of R17 Intra-UE multiplexing and enhanced Type 3 HARQ-ACK CB in Rel-17, based on the following operational details of Alt. 1: 
· The UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB with the same priority index (i.e. in step 1) as the enhanced Type 3 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB. The UE performs Rel-17 Intra-UE multiplexing in step 2 as defined.  
· For Rel-16 Type 3 CB, the UE creates the Rel-16 Type 3 CB with a PUCCH based on the indicated priority in step 1, and performs step 2 of the Rel-17 Intra-UE multiplexing of potential HARQ-ACK of different priority afterwards. 




According to this agreement, a given Rel. 17 Type 3 HARQ CB of any priority can be multiplexed onto the same PUCCH with a Type 1 or Type 2 HARQ CB of another L1 priority. Consider the large amounts of HARQ Processes contained in a Rel. 17 Type 3 HARQ CB and the eventual multiplexing with another HARQ CB, duplicate HARQ Processes might be observed. In this case, the most meaningful solution is that the UE removes the duplicate HARQ processes from the Type 1 or Type 2 HARQ CB. Release 17 Type 3 HARQ CB is transmitted as it is requested by the gNB. In this case the Type 1 or Type 2 HARQ CB is generated first in the UE and then the Release 17 Type 3 HARQ CB. Upon detection of a duplicate HARQ Process in the Rel. 17 Type 3 HARQ CB, the duplicate HARQ Process is removed from the Type 1 or Type 2 HARQ CB. Therefore, the following proposal:
Proposal 5: In case of Rel. 17 Intra UE multiplexing of Rel. 17 Type 3 HARQ and Type 1 or Type 2 HARQ CB of different L1 Priorities and certain HARQ Process IDs are included in both Rel. 17 Type 3 HARQ CB and Type 1 or Type 2 HARQ CBs, then, these HARQ Processes are transmitted only via Rel. 17 Type 3 HARQ CB.


Figure 4: Duplicated HARQ Processes in multiplexed Rel. 17 Type 3 HARQ CB and Type 1 or Type 2 HARQ CB of different L1 priority.
Triggered HARQ CB Retransmission 
Change of Retransmitted HARQ CB Contents 
A problem that may arise during a request for a HARQ CB retransmission is that the contents of the HARQ CB might have changed in the meantime. The problem was described in [5]. For easiness, the description is repeated here.
The problem is illustrated in Figure 5. In the example, the HARQ CB cancelled at slot t0 is consisted of HARQ Process IDs #K, #L, #M, #N. At a later slot t1, the content of HARQ Process ID #M changes, i.e., the HARQ Process ID#K is scheduled to a new transport block. The network issues a request for the retransmission of the cancelled HARQ CB at slot t2. The request points to the slot t0 and the retransmission is scheduled at slot t3.  At slot t3 the UE does not know if the UE should transmit the initial HARQ Process ID #M, i.e., the one of slot t0, or if the UE should transmit the new content of HARQ Process ID #M. The same problem can occur when if the change of the “cancelled HARQ CB” content occurs after the request for “cancelled HARQ CB” retransmission. In order to avoid ambiguity in these cases, the meaningful UE behaviour would have been that the UE transmits the latest version of each HARQ CB ID included in the “cancelled HARQ CB”. 
This option does not result in any ambiguity at the network, since the network will in any case store the list of HARQ processes included in the requested HARQ CB; namely, the UE would provide HARQ feedback for the new transport block occupying the HARQ Process ID #M and since this HARQ process content is the useful one, this content would be treated by the network. There is no issue either when the UE misses the DCI for the new transport block occupying the HARQ Process ID #M, since this will be immediately detected at the gNB due to absence of separate HARQ feedback.
Moreover, this option is less demanding in storage capabilities at the UE. The proposal for the UE transmitting the latest version of the HARQ process included in the requested HARQ CB was rejected. The rationale was that such a feature would require that the UE stores the list of HARQ Process IDs per HARQ CB and this would require higher memory in the UE side. 
Hence, the following conclusion was drawn in #107bis-e ([4]):
	Conclusion
There is no consensus to support the following in Rel-17: 
· For one-shot HARQ re-transmission on PUCCH, if certain HARQ process IDs of the requested HARQ CB to be retransmitted is replaced by new HARQ bits, the UE transmits the new content of HARQ process(es) being updated. 



The other option discussed in #107bis-e was that the UE only stores raw ACK/NACK bits and hence the UE retransmits the initial version of the HARQ CB. However, this argument is not valid, since it ignores the fact that the UE has to store in any case the list of HARQ Processes IDs in each HARQ CB, since there are different DRX timers per HARQ Process ID. A relevant discussion takes place in RAN 2 on the modification of DRX timers due to URLLC/IIOT HARQ Enhancements [7]. Therein, a question is circulated about the impact of triggered HARQ CB retransmission on the DRX timers, namely on the time drx-HARQ-RTT-TimerDl. The companies unanimously support the start of drx-HARQ-RTT-TimerDL for each HARQ Process contained in the retransmitted HARQ CB. Hence, the UE needs in any case to store the list of HARQ Processes contained in each HARQ CB.
Observation 1: For triggered HARQ CB retransmission, the UE has to store the list of HARQ Process contained in each HARQ CB so as to keep track of the DRX timers per HARQ Process.
Hence, the argument that the UE can simply store raw ACK/NACK bits per HARQ CB and consequently retransmit the initial HARQ CB as is not technically justified. The UE can retransmit the initial HARQ CB as is, even if the content of one or more HARQ Processes changes between the time instants of i) request of HARQ CB retransmission and ii) actual HARQ CB retransmission has changed; the UE however has to store the list of HARQ Processes as well. Hence, storing HARQ processes and raw ACK/NACK bits is an option requesting higher UE storage capacity than simply storing the list of HARQ processes per HARQ CB. In addition, the option of retransmitting the identical to the initial HARQ CB, requires the extra processing at the gNB described above. There is no technical justification to support simple retransmission of the copy of the initial HARQ CB, in case the content of the requested for retransmission HARQ CB changes. 
Without a viable solution agreed for the problem discussed, it is proposed that the network does not change the content of the HARQ CB requested for retransmission. Or, if the network changes the content of the HARQ CB requested for retransmission, then, the UE considers this case as an error case and does not transmit anything.
Proposal 6: The UE is ignoring request for HARQ CB retransmission if the content of at least one HARQ Process of the retransmitted HARQ CB has changed.


[bookmark: _Ref92787636][bookmark: _Ref87027999]Figure 5: Change of “cancelled HARQ CB” content when the cancelled HARQ CB retransmission takes place.
C-RNTI For CRC Scrambling of DCI Triggering HARQ CB Retransmission 
In the meetings the following was agreed:
	Agreement
For one-shot HARQ-ACK re-transmission on PUCCH, triggering the HARQ-ACK CB re-transmission with a triggering DCI with CRC scrambled with the CS-RNTI is not supported. 



This was an agreement so as to avoid confusion or additional restrictions in the DCI fields interpretation with e.g., other DCI types not scheduling PDSCH such as DCI for SPS release. After this agreement, the CRC of the DCI scheduling HARQ CB retransmission can be scrambled with either C-RNTI or with MCS-RNTI. Considering that this DCI does not schedule new PDSCH, using MCS-RNTI for scrambling the CRC of the DCI is not meaningful. Moreover, it is better to limit unused options. Therefore, it is suggested not to scramble the CRC of the DCI scheduling HARQ CB retransmission with MCS-RNTI.
Proposal 7: The CRC of the DCI triggering HARQ CB retransmission is not scrambled with MCS-RNTI.
mTRP - mDCI Case 
In the case of multi-DCI operation in multi-TRP setup, different TRPs can schedule PUCCH transmission 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. 3GPP specifications should provide a mechanism to the UE to distinguish which of the eventually multiple HARQ CBs on the same slot is requested. This is possible by distinguishing at the UE the TRP from which the request for HARQ CB retransmission originated. The UE can identify the TRP from which HARQ CB reTx request originates by the CORESET the TRP uses. In this case, the UE can identify from which TRP the request for cancelled HARQ CB is received and hence the associated cancelled HARQ CB.
This option does not allow “cross-TRP” HARQ CB retransmission requests, i.e. HARQ CB retransmission request originating from TRP 1 pointing to a HARQ CB initially transmitted by TRP 2.
Proposal 8: For “triggered HARQ CB reTx” in case of multi-DCI configuration in multi-TRP, and for multiple HARQ CBs in the same slot, the UE identifies the requested HARQ CB for retransmission through the TRP from which the request originates; the TRP issuing the request for HARQ CB retransmission is identified via the CORESET pool index used for the DCI transmission. The UE retransmits the HARQ CB that is initially scheduled from the indicated TRP.
PUCCH cell switching for HARQ feedback
In the past RAN1 meeting, the specification on PUCCH cell switch has progressed very well. Most of the open issues are addressed already. In this section, the remaining open issues for PUCCH cell switch are discussed.
[bookmark: _Hlk53920445]PUCCH cell switch and PUCCH repetitions
PUCCH cell switch is very useful for PUCCH repetitions. With PUCCH repetitions, PUCCH resources might be congested, because repetition essentially takes more PUCCH resources, i.e., more UL slots, for a given PUCCH payload. It will be beneficial to allow PUCCH cell switch to use more available resources on both Pcell and Scell. 
When PUCCH repetitions and PUCCH cell switch are both configured, there were two options to support this joint feature.
· Option 1: the first repetition follows PUCCH cell switch, the rest repetitions stay on the same cell as the first repetition and reuse Rel-16 procedure to complete the repetition on that cell. 
· Option 2: all the repetitions are allowed to switch between Pcell and PUCCH sScell. 

The advantage of option 1 is that it is simply to implement. A UE can just encode the PUCCH once and the encoded bits can be reused for all repetitions, because they are on same cell hence the coding rate for them are the same (with a same number REs on the PUCCH resource used for the repetition). The advantage of option 2 is that it can fully utilize all UL slots on Pcell and PUCCH sScell to transmit PUCCH repetitions, which can potentially finish the repetitions earlier to reduce latency. However, due to PUCCH resources configured on different cells may have different number of REs, the coding rate for different repetitions could be different. The different coding rates across repetitions would create two issues
· It requires UE re-encoding PUCCH for each repetition, which increase UE implementation complexity.
· It makes repetitions combining extremely difficult, if still possible, at gNB receiver. 

The two options were heavily debated in RAN1 107bis-e. Although we prefer option 1 for its simplicity, we also acknowledge the benefit of option 2. Therefore, we can accept option 2, if it is guaranteed the repetitions are transmitted on PUCCH resources with the same number of REs. 
Proposal 9: Support PUCCH repetitions with semi-static PUCCH cell switching, by adopting either one of the following two options:  
· Option 1: The first PUCCH repetition follows the semi-static PUCCH cell switch configuration. For the rest PUCCH repetitions, a PUCCH slot mapped to different PUCCH cell is considered as invalid and is not counted towards the total number of PUCCH repetitions. The rest repetitions are postponed as in Rel-16. 
· Option 2: all PUCCH repetitions are allowed to switch between Pcell and PUCCH sScell. A UE does not expect different number of REs in the PUCCH resources to transmit the repetitions. 
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 10: 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 11: 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.
Conclusions
In summary, we make the following observation for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC.
Observation 1: For triggered HARQ CB retransmission, the UE has to store the list of HARQ Process contained in each HARQ CB so as to keep track of the DRX timers per HARQ Process.
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: For SPS HARQ-ACK deferral, further clarify the timeline behaviour on top of the earlier RAN1#105-e agreement with the following additions in green:
Agreement: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receive PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped according to the Rel. 15 UE timeline for PUSCH preparation, i.e. after Tproc,2.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID
Proposal 2: In case of joint configuration of SPS HARQ deferral and triggered HARQ CB retransmission; retransmitted HARQ CB and deferred SPS HARQ CB transmitted in the same slot and some HARQ Processes are contained in both i) deferred SPS HARQ CB and ii) retransmitted HARQ CB, the overlapping HARQ Processes from the deferred SPS HARQ CB are dropped.
Proposal 3: In addition to the existing RRC configuration of a Rel. 17 Type 3 HARQ CB as a bitmap of the selected HARQ Processes per CC, adopt new RRC configurations of a Rel. 17 Type 3 HARQ CB considering that consecutive HARQ Processes are included in a Rel. 17 Type 3 HARQ CB.
Proposal 4: The UE is not expecting the content of a HARQ Process ID contained in Rel. 17 Type 3 HARQ CB to change during PUCCH repetitions of a Rel. 17 Type 3 HARQ CB.
Proposal 5: In case of Rel. 17 Intra UE multiplexing of Rel. 17 Type 3 HARQ and Type 1 or Type 2 HARQ CB of different L1 Priorities and certain HARQ Process IDs are included in both Rel. 17 Type 3 HARQ CB and Type 1 or Type 2 HARQ CBs, then, these HARQ Processes are transmitted only via Rel. 17 Type 3 HARQ CB.
Proposal 6: The UE is ignoring request for HARQ CB retransmission if the content of at least one HARQ Process of the retransmitted HARQ CB has changed.
Proposal 7: The CRC of the DCI triggering HARQ CB retransmission is not scrambled with MCS-RNTI.
Proposal 8: For “triggered HARQ CB reTx” in case of multi-DCI configuration in multi-TRP, and for multiple HARQ CBs in the same slot, the UE identifies the requested HARQ CB for retransmission through the TRP from which the request originates; the TRP issuing the request for HARQ CB retransmission is identified via the CORESET pool index used for the DCI transmission. The UE retransmits the HARQ CB that is initially scheduled from the indicated TRP.
Proposal 9: Support PUCCH repetition with semi-static PUCCH cell switching, by adopting either one of the following two options:  
· Option 1: The first PUCCH repetition follows the semi-static PUCCH cell switch configuration. For the rest PUCCH repetitions, a PUCCH slot mapped to different PUCCH cell is considered as invalid and is not counted towards the total number of PUCCH repetitions. The rest repetitions are postponed as in Rel-16. 
· Option 2: all PUCCH repetitions are allowed to switch between Pcell and PUCCH sScell. A UE does not expect different number of REs in the PUCCH resources to transmit the repetitions. 

Proposal 10: Support semi-static PUCCH carrier switching per PHY priority.

Proposal 11: 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.
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Triggered HARQ CB ReTx Interaction With SPS HARQ Deferral
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