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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 work progress in the group [2], finally 5 topics were left for discussion for the Release 17 WI on URLLC/IIOT.
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
5. Type 1 HARQ CB for sub-slot based PUCCH

At the last 3GPP RAN 1 meeting, (#107-e), the plan was that Release 17 standardization of URLLC/IIOT was going to be finalized. However, during the post meeting discussion on the CR for 38.213 [3], a number of open issues was identified. In addition, at the status report of the WI to the RAN plenary [4], a number of topics was listed as well. The open items to be addressed refer to the following topics:
1. SPS HARQ deferral
2. Interaction between SPS HARQ deferral and other features, such as Type 3 HARQ CB and PUCCH carrier switching (in case of joint configuration)
3. Triggered HARQ CB retransmission (“1-shot HARQ CB retransmission”)
4. PUCCH carrier switching.
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SPS HARQ Deferral and DG HARQ

With regards to SPS HARQ Deferral onto a target slot containing new DG HARQ and their multiplexing, the following agreement was done at #106bis-e.
	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.



The interpretation of the above #106bis-e agreement is not clear for the case of a slot (after the SPS HARQ collision with DL) containing a PUCCH resource for DG HARQ - “non-deferred HARQ” - and this PUCCH resource not being able to carry the total HARQ payload size, including deferred and non-deferred HARQ. The ambiguity is illustrated in Figure 1. 


Figure 1: New DG HARQ allocation at an uplink slot following SPS HARQ deferral triggering. The PUCCH resource granted for DG HARQ at slot #K is not sufficient for the total HARQ payload consisted of i) new DG HARQ and ii) deferred SPS HARQ. Should slot #K be considered a “target slot” or not?
Following the slot format change and the SPS HARQ collision with DL - “initial slot” in Figure 1 - SPS HARQ deferral is triggered. SPS HARQ deferral is triggered at the “initial slot” in the figure. At the slot after the “initial slot”, allocation for DG PDSCH and consequently for DG HARQ takes place. DCI 1_x granting resources for DG HARQ schedules a PUCCH resource – in slot #K in Figure 1 - that is sufficient only for DG HARQ. Multiplexing of DG HARQ with deferred SPS HARQ is not possible in slot #K, due to the limited PUCCH resource. Hence, at slot #K only DG HARQ is transmitted.
The question is what to do with deferred SPS HARQ; should these SPS HARQ bits be deferred at a later slot? Or should they be dropped? From the #106bis e agreement, the most likely interpretation of “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.” is that slot #K, is not considered as a “target slot” for SPS HARQ deferral, since the slot #K cannot carry the total HARQ payload of non-deferred HARQ and deferred SPS HARQ bits. In this case, deferred SPS HARQ bits can be further deferred to a later slot. However, this interpretation is counter intuitive. The reason is that that DCI scheduling DG PDSCH and DG HARQ is transmitted after the start of SPS HARQ deferral. Hence, the network is aware of the existence of deferred SPS HARQ bits. Not granting sufficient PUCCH resources taking into account the amount of deferred SPS HARQ bits indicates that the network might not be interested in getting these SPS HARQ bits having collided with DL; the reasons might be numerous, e.g., DL SPS packet has expired, or the network has plenty of DL resources and the network retransmits SPS PDSCH. Therefore, it is suggested that in this case of existence of new DG HARQ bits at a given slot, this slot is treated as “target slot”. If multiplexing of new DG HARQ bits and deferred SPS HARQ bits is possible, then, the total HARQ payload is transmitted. If this multiplexing is not possible, then, UE drops the deferred SPS HARQ bits, and the UE does not further defer these HARQ bits. The UE implements the following #106bis -e agreement.
	Agreement: 
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.


The situation here is slightly different from the situation in the “initial slot”, since at “initial slot”, the argument might be that SPS HARQ deferral is not yet triggered – even though the network should be aware that SPS HARQ collision with DL is about to happen, when scheduling DG PDSCH and/or DG HARQ at the “initial slot”.
The change in 38.213 is minimal and can be appended in §9.2.5.4 – see underlined bold text: 
“…
if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 any HARQ-ACK codebook Type in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot
…”
Similar approach is proposed for the case of new A-CSI being scheduled at a slot after the SPS HARQ deferral triggering. 
[bookmark: _Hlk92789512]Proposal 1: For SPS HARQ Deferral, if there are new DG HARQ bits in a PUCCH slot, this slot is considered a target PUCCH slot.
· If the PUCCH resource in the target PUCCH slot is not sufficient for both new DG HARQ bits and deferred SPS HARQ, then, deferred SPS HARQ are dropped and only the new DG HARQ bits are transmitted.
Interaction between SPS HARQ Deferral and Type 3 HARQ CB
At #107e meeting, joint configuration of SPS HARQ deferral and Type 3 HARQ CB was agreed; the agreement was the following:
	Agreement: Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.



The agreement specifies the case in which the target slot for SPS HARQ deferral is the same slot at which PUCCH containing Type 3 HARQ CB is located. In this case, there is no ambiguity that Type 3 HARQ CB will be transmitted. The reason for this behaviour is that deferred SPS HARQ cannot be multiplexed with Type 3 HARQ CB. Release 16 Type 3 HARQ CB cannot be multiplexed with any other type of HARQ and the same applies for Release 17 Type 3 HARQ CB, as concluded from the #106e agreement:
	Agreement: For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.



Moreover, if the Type 3 HARQ CB requested by the network contains the (SPS) HARQ Process IDs having collided with DL and are about to be deferred, then, the behaviour resulting from #107e agreement is clear: SPS HARQ deferral is dropped and the HARQ processes having collided with DL are transmitted via Type 3 HARQ CB. This is how the behaviour is captured in the CR for 38.213 [3] 
“…
if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot”.

This behaviour is depicted in Figure 1; SPS HARQ collides with DL at slot #N. The (SPS) HARQ ID having collided with DL is the HARQ Process #K. The SPS HARQ Deferral procedure is triggered at slot #N and the UE tries to find the target slot (“first available PUCCH resource”) for the transmission of deferred SPS HARQ. The UE finds the target slot #N + 2. At slot #N + 1, the UE receives DCI 1_1 scheduling Type 3 HARQ CB transmission at slot #N + 2. The request for Rel. 17 Type 3 HARQ CB includes the HARQ Process ID #K to be deferred at slot #N + 2. The UE has sufficient time to stop SPS HARQ deferral and at slot #N + 2, the UE transmits Type 3 HARQ feedback which includes HARQ Process ID #K. The UE stops SPS HARQ deferral at slot #N + 2.

[bookmark: _Ref86936507]Figure 2: UE behavior upon joint configuration of “SPS HARQ Deferral” and Rel. 17 Type 3 HARQ CB. After SPS HARQ collision with DL, SPS HARQ deferral starts, and the UE finds target slot for deferred SPS HARQ. The UE receives a DCI triggering a request for Rel. 17 Type 3 HARQ CB and HARQ processes having collided with DL are included in the requested Type 3 HARQ CB. The UE transmits Type 3 HARQ CB and stops SPS HARQ deferral.
This is the behavior according to the #107e agreement. Some clarifications are needed, however. The term “.. the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot ..” needs to be clarified. E.g. what does it happen if a given SPS HARQ, e.g. HARQ Process ID #M, is deferred to any slot, #L, and the UE receives DCI 1_x for DG PDSCH at slot #L + 1, with the request for Type 1 HARQ CB? In case the UE decides to transmit the deferred HARQ Process ID #M together with the Type 1 HARQ, is this 2nd transmission of the deferred HARQ Process ID #M considered as “pending SPS HARQ”? The approach should be that since the deferred SPS HARQ process is transmitted once, it is no longer considered as “pending SPS HARQ”; with the term “pending SPS HARQ”, what is meant is that there has been a given HARQ Process having collided in the past few slots and which is deferred to a later slot (according to SPS configuration) and which is not yet transmitted. Hence, the following observation:
Observation 1: Ongoing/pending SPS HARQ deferral procedure is the procedure of deferring SPS HARQ having collided in any of the previous K slots and which is not yet transmitted in the time window between the instant of SPS HARQ collision with DL and up to the current slot.
What needs to be addressed as well is the time required within the UE to cancel/stop the transmission of ongoing/pending deferred bits. As it can be seen in Figure 1, the UE receives at slot #N+1 the request for Type 3 HARQ CB and the UE transmits Type 3 HARQ CB at the next slot. Assuming, the worst case scenario in terms of timing requirements, i.e. the case in which the network issues a request for Rel. 16 Type 3 HARQ CB and the network schedules new PDSCH with this DCI 1_1 of Figure 1, then, the PDSCH processing time needs to be taken into account. For SCS equal to 15 and 30 kHz and for PDSCH processing capability 2, it is possible for the UE to transmit HARQ feedback at the next slot after the PDSCH reception [5]. For other cases though, for SCS equal to 120 kHz, for the same example of Figure 1, the UE needs at least 2 slots to react to the DCI. Hence, for the case under discussion here, at least, the PDSCH processing time needs to be considered when the request for Type 3 HARQ CB is triggered; namely, the UE might receive the request for Type 3 HARQ CB, but the UE might not be able to stop/cancel the transmission of an ongoing SPS HARQ deferral. For other cases, maybe, the time required to cancel/stop an ongoing SPS HARQ Deferral is equivalent to the PUSCH preparation time, or equivalent to the minimum time used for the execution of CI. Hence, a minimum time is required for the UE to cancel/stop an ongoing SPS HARQ Deferral.
Observation 2: A minimum time is required for the UE to stop/cancel an ongoing SPS HARQ deferral procedure after the reception of DCI scheduling Type 3 HARQ CB.
Having done the above clarifications and observations, a couple of ambiguity cases can happen when the #107e agreement is implemented. The first case, (“Case 1”), of ambiguity can be seen in Figure 3. Following the collision of HARQ Process ID #K with DL, SPS HARQ deferral is triggered at slot #N. The UE finds the first available PUCCH resource at slot #N + 2, i.e., the “target slot” is slot #N+2. At slot #N + 1, the UE receives a request from the network for a Type 3 HARQ CB. The request includes the HARQ Process ID #K about to be deferred. The Type 3 HARQ CB transmission is scheduled at slot #N + 3, which is after the “target slot” for SPS HARQ deferral. The UE has the time to cancel/stop the deferral of SPS HARQ planned for slot #N + 2.  
The situation of ambiguity is related to the UE behavior at slot #N + 2. The first option is that the UE does not stop SPS HARQ deferral and hence the UE transmits the deferred SPS HARQ bits from HARQ Process #K at slot #N + 2. The UE then transmits Type 3 HARQ CB at slot #N + 3 that contains the already deferred HARQ Process #K. The second option is that the UE stops the deferral of HARQ Process #K, assuming the UE has the time to perform this HARQ transmission cancellation. The most efficient option is the second option. Reasons are several:
· Higher robustness
· Lower L1 signaling overhead
· Lower UE power consumption
· Lower uplink interference

Transmitting the deferred SPS HARQ – together with other HARQ bits – via Type 3 HARQ is more robust than transmitting the deferred SPS HARQ on the same PUCCH resource that was used for the initial SPS HARQ transmission. The reason is that transmission via Type 3 HARQ CB is collision free and at an uplink resource recently selected by the scheduler. Namely, the network might have issued this request for Type 3 HARQ CB at slot #N + 3, because the SPS HARQ resource at slot #N + 2 might be occupied by another user; or, maybe the channel conditions for the SPS HARQ resource might not be good.


[bookmark: _Ref92457096]Figure 3: Case 1 of ambiguity when the #107e agreement on joint configuration of SPS HARQ; request for Type 3 HARQ CB is received after the triggering of SPS HARQ deferral. In the list of requested HARQ Processes to be transmitted with Type 3 HARQ CB, the HARQ Process having collided with DL and about to be deferred is included. Type 3 HARQ CB transmission is scheduled at a slot after the slot of “the 1st available PUCCH resource” (“target slot”). Solution proposed: the UE drops ongoing/pending SPS HARQ deferral.
The other benefit is lower PUCCH overhead since the UE does not need to transmit the redundant SPS HARQ Process #K at slot #N + 2, which reduces L1 signaling overhead, UE power consumption and uplink interference.
The counter argument that this solution results into higher latency is not considerable; even if the slot of Type 3 HARQ CB transmission is later than the initial “target slot”, considering the “PDSCH-to-HARQ feedback timing”, Type 3 HARQ CB is transmitted 1 or maximum 2 slots or sub-slots after the “target slot” for SPS HARQ deferral. The increase in latency is negligible. 
Moreover, there is no issue when the DCI triggering Type 3 HARQ CB is lost; the UE transmits the deferred SPS HARQ at slot #N + 2.
Therefore, the proposal for stopping/cancelling the ongoing SPS HARQ deferral as shown in Figure 3. 
Another situation of ambiguity can be seen at Figure 4: after SPS HARQ collision with DL and the triggering of SPS HARQ deferral, the UE receives a request for Type 3 HARQ CB transmission. The request does not include the HARQ Process ID having collided with DL and about to be deferred. The UE has not found yet the “target slot” for the deferred SPS HARQ process. This case is termed “Case 2” in Figure 4. 
There are two options for this case. The first option is that the UE does not stop the SPS HARQ deferral of the HARQ process #K; the UE transmits Type 3 HARQ CB at slot #N + 2 and the UE tries to find the “target slot” for the deferral at a later slot. The UE cannot multiplex neither Rel. 16 or Rel. 17 Type 3 HARQ CB with other HARQ CB types, according to the #106-e agreement:  


[bookmark: _Ref92717728]Figure 4: Case 2 of ambiguity when SPS HARQ deferral and Type 3 HARQ CB are jointly configured. After SPS HARQ collision with DL at slot #N, SPS HARQ deferral of the HARQ process #M is triggered. At a later slot, #N + 1, the UE receives a DCI triggering the transmission of Rel. 17 Type 3 HARQ CB. The request does not include the HARQ process #M to be deferred. At slot #N +2, the UE transmits Rel. 17 Type 3 HARQ CB, as planned and the ambiguity lies in the deferred SPS HARQ bits. The proposal is that the UE stops SPS HARQ deferral.
	Agreement: 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 



The second option is that the UE stops the ongoing SPS HARQ deferral procedure. The rationale behind this option is that the DCI triggering Rel. 17 Type 3 HARQ CB transmission is issued at the network upon awareness of the deferred SPS HARQ bits. The earliest and most robust option for the transmission of the HARQ Process #K would have been via Type 3 HARQ CB at slot #N + 2. The network not including the HARQ process having collided in the request for Rel. 17 Type 3 HARQ CB, even if the network is aware of the pending SPS HARQ deferral procedure, this implies that the network is not really interested in getting the bits of the HARQ Process #K. The reasons are explained above, e.g. the DL packet might have expired, or the system is not heavily loaded and the network retransmitted the DL packet. 
The same arguments as for the Case 1 are used in this case as well. The proposal for stopping the ongoing SPS HARQ deferral is the most resources and energy efficient option for the system. Moreover, there is no “missing DCI” issue, since the UE continues SPS HARQ deferral if the UE misses the DCI triggering the request for Type 3 HARQ CB.
Therefore, the proposal is that the UE stops SPS HARQ deferral upon reception of a request for a Type 3 HARQ CB that is scheduled in the time window, starting from the first slot at which the UE can cancel/stop the ongoing SPS HARQ deferral up to the slot of Type 3 HARQ CB transmission. There, the modified wording of the #107-e agreement is suggested (see underline text)
Proposal 2: With regards to RAN 1 #107e agreement on joint configuration of SPS HARQ Deferral and Type 3 HARQ CB adopt the following wording (see underlined text in purple):
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops any ongoing/newly triggered deferral procedure of SPS HARQ-ACK within the time window from the start of X-th symbols after the end of DCI scheduling Type 3 HARQ-ACK codebook and up to the start of the PUCCH transmission of Type 3 HARQ CB.
· The value of X is up to UE capability. 
SPS HARQ Deferral and Semi-Static PUCCH Carrier Switching
At #107e, the following agreement was made with regards to the joint configuration of SPS HARQ Deferral and semi-static PUCCH Carrier Switching: 
	Agreement: 
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell



There is an ambiguity of the agreement for the case in which the UE switches PUCCH cell – according to the semi-static PUCCH cell switching pattern – following SPS HARQ collision with DL; SPS HARQ deferral is triggered and the first available uplink resource in the “target PUCCH cell” is not sufficient for the HARQ payload of deferred SPS HARQ. The problem is more relevant, when there is DG PDSCH and consequently DG HARQ allocation after the triggering of SPS HARQ deferral.
The problem is illustrated in Figure 5; following the collision with DL and the triggering of SPS HARQ deferral, allocation for new DG PDSCH and hence new DG HARQ takes place. UE is configured with 2 PUCCH cells. According to the configured semi-static PUCCH cell switching pattern, the HARQ transmission following the DG PDSCH allocation is planned to take place at the secondary CC. However, the total HARQ payload, i.e., the sum of new DG HARQ bits and dederred SPS HARQ bits, cannot be accommodated at the fist PUCCH resource in the secondary CC. The #107e agreement does not provide any guidance for this case. 
One option would be that the UE tries to perform SPS HARQ deferral in the secondary (“target”) PUCCH cell. The drawback with this procedure is that PUCCH transmission of a payload generated in another PUCCH cell from various sources has to be transmitted now in a new PUCCH cell. This option has a lot of uncertainty with regards to when the total HARQ payload will be finally transmitted.
The other option would be that the UE drops the transmission of deferred SPS HARQ and transmits only new DG HARQ in the ‘target PUCCH cell”. This is the interpretation of the #106bis -e agreement.
	Agreement: 
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.




 
[bookmark: _Ref92741366]Figure 5: Case of ambiguity when SPS HARQ deferral is jointly configured with semi-static PUCCH carrier switching; following SPS HARQ collision with DL and the triggering of SPS HARQ deferral, new DG PDSCH is scheduled in the primary CC; the associated DG HARQ feedback is scheduled initially at the primary CC. Due to semi-static PUCCH carrier switching pattern, the transmission of DG HARQ is planned in the secondary CC. The total HARQ payload, consisted of new DG HARQ and deferred SPS HARQ can not be transmitted from the first PUCCH resource in the secondary CC. The UE drops the transmission of deferred SPS HARQ bits and transmits only new DG HARQ at the secondary CC.
This is the simplest option without any further implications. Therefore, the proposal is that when the scenario illustrated in Figure 5 happens, then, the UE drops SPS HARQ bits at the secondary CC and the UE transmits only new DG HARQ.
In addition, at the last #107e meeting, a couple of related proposals were circulated; the first proposal was referring to the interaction of SPS HARQ deferral and PUCCH repetitions. The second proposal was referring to the case of PUCCH carrier switching when PUCCH is configured with PUCCH repetitions. In the case that at least one of these proposals is accepted, then, the case discussed here is still valid, i.e., the case illustrated in Figure 5 can happen when SPS HARQ is configured with repetitions, or DG HARQ is configured with PUCCH repetitions. In this case, once the decision is taken to switch to a new CC, then, the whole amount of PUCCH repetitions is taking place in the new CC. Therefore, the modified wording of the #107e agreement is suggested (see underlined text in purple):
Proposal 3: For the #107e agreement on joint configuration of SPS HARQ Deferral and PUCCH carrier switching, adopt the following wording (underlined text in purple color):
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell
Note: If “the next PUCCH slot” on the PUCCH cell indicated by the PUCCH cell pattern can not carry the total UCI payload, SPS HARQ bits are dropped.
Note: If SPS HARQ is configured with repetitions, all deferred SPS HARQ repetitions take place in ” in the same PUCCH cell” (If the semi-static PUCCH cell switching happens between PUCCH repetitions, the PUCCH cell switching is delayed after the last repetition).
Triggered HARQ CB Retransmission 
In the previous #107e meeting, the specification of triggered (“one-shot” HARQ CB retransmission) has progressed well.
A few remaining topics are addressed below.
Retransmitted HARQ CB Size
The indication of the HARQ CB size to be retransmitted is a mandatory addition to the specified feature. The topic has been addressed by a number of companies in the last 3 meetings and a solution has to be provided.
In the simplest case, consider that a UE was scheduled to transmit a (DG) HARQ CB consisted of e.g. 4 bits at slot #N. The DCI 1_x scheduling DG PDSCH and consequently DG HARQ is missed. A few slots later than slot #N, the network issues a request for the retransmission of HARQ CB which was scheduled for transmission at slot #N. The UE, not having any HARQ CB available at this slot #N, does not know what to transmit. There are  few options with the most meaningful one being that the UE transmits nothing, i.e. 0 bits. In this case, the gNB has to be prepared for the reception of either 4 bits or 0. 
The situation gets more complex in the case of LP HARQ being dropped due to higher priority HARQ. In the same scenario as above, consider that the 4 HARQ bits to be transmitted at slot #N are LP HARQ bits. The UE is scheduled to transmit HP HARQ bits at the same slot #N. As an example, the HP HARQ CB has a size of 6 bits. The scheduled PUCCH resource is not sufficient for the total HARQ payload of 6 HP HARQ bits and 4 LP HARQ bits. The UE did not receive the LP DCI scheduling the LP PDSCH and the LP HARQ bits. When, at a later slot, the UE receives the gNB request for the retransmission of the 4 LP HARQ bits scheduled initially to be transmitted at slot #N, the UE not being aware of the existence of the 4 LP HARQ bits, the UE behavior needs to be specified. The UE has the option to transmit either the 6 HP HARQ bits or nothing. The gNB expects 4 LP HARQ bits. In order to avoid an error case, the gNB has to be prepared to receive 6 or 4 or 0 bits, if the UE behavior is not specified.
The situation gets more complex when the requested HARQ CB retransmission is scheduled at a slot at which new DG HARQ bits are transmitted as well. The case is illustrated in Figure 6. The setup is the same as in the case just described. A LP HARQ CB is dropped due to intra-UE multiplexing. The UE however not having received the LP DCI for LP HARQ is not aware of the existence of LP HARQ CB. When later the network requests the retransmission of the dropped LP HARQ CB, the UE is not aware of what the UE should transmit: the already transmit HP HARQ CB, nothing, a constant number of bits? If the retransmitted HARQ CB is scheduled at a slot in which there is a new HARQ CB, then, the amount of options of the totally transmitted HARQ CB size are getting numerous. The gNB needs to try several different HARQ CB sizes so as to decode the transmitted HARQ CB size. Without this blind decoding at the gNB, the feature of triggered HARQ CB retransmission will not be complete. 


[bookmark: _Ref79143452]Figure 6: Example of the problem occurring when the initial LP DCI is lost and the network triggers one shot HARQ CB retransmission of the dropped LP HARQ CB. Need to specify the UE behaviour in case the requested HARQ CB is not available.  
[bookmark: _Ref79143648]Therefore, it is proposed that the network indicates the HARQ CB size of the requested HARQ CB.
Proposal 4: The DCI triggering the request for one shot HARQ CB retransmission contains a field indicating the HARQ CB size.
Slot Offset Indication
At the last #107e meeting, the discussion on how to indicate the slot offset of the HARQ CB to be retransmitted was discussed. In addtion the following agreement was made:
	Agreement: 
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unused DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior.



With regards to the slot offset indication, what needs to be defined first is the range of the slot offset values. In order to provide sufficient flexibility without using too many bits, it is suggested to encode the slot offset in 3 bits. For the sake of simplicity, the 8 different values of the “slot offset” field can be mapped onto 8 different entries (in time slots). The same mapping used for the PDSCH-to-HARQ feedback timing (“k1 values”) can be reused here as well. The first 3 bits of the DCI field for MCS allocation of the 1st transport block are used.
Proposal 5: The slot offset for triggered HARQ CB retransmission is coded in 3 bits and 8 “slot offset” values are mapped to the 8 different entries. The same mapping as the one for k1 values is used.
Proposal 6: The first 3 bits of the DCI field “MCS” for the 1st TB is used to indicated the slot offset of the requested HARQ CB to be retransmitted.
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 is illustrated in Figure 7. 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, it is proposed 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 the HARQ feedback for the new transport block separately; namely, HARQ feedback for the new transport block occupying the HARQ Process ID #M will be provided separately either before or after slot t3 and this should be the HARQ feedback considered at 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. Therefore the following proposal:
Proposal 7: If certain HARQ process IDs of the requested HARQ CB to be retransmitted are no longer available, i.e. the content of one or more HARQ process(es) included in the cancelled HARQ CB is replaced by new HARQ bits, the UE transmits the new content of HARQ process(es) being updated.


[bookmark: _Ref92787636][bookmark: _Ref87027999]Figure 7: Change of “cancelled HARQ CB” content when the cancelled HARQ CB retransmission takes place.
PUCCH cell switching for HARQ feedback
In the past RAN1 meeting, the specification on PUCCH cell switch is 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: _Hlk78904736][bookmark: _Hlk71109064][bookmark: _Hlk53920445]FR2 specific aspects on PUCCH cell switch
In RAN1 107e, there was a discussion whether PUCCH cell switch should be supported for cells in FR2. Some companies stated that PUCCH cell switch has no benefit in FR2 CA. We disagree with this statement. In our view, PUCCH cell switch has two benefits
· Reducing PUCCH latency by transmitting PUCCH on a cell with earlier UL OFDM symbols 
· Increasing PUCCH reliability by transmitting PUCCH on a more reliable cell.  

For the first benefit, although it does not exist in FR2 intra-band CA due to same TDD pattern for intra-band CA. The first benefit at least exists in FR2 inter-band CA and FR1 + FR2 CA. One might argue there is no deployment for FR2 inter-band CA yet. But for FR1+FR2 CA, there is strong interest to deploy it. 
For the second benefit, it holds for FR2 intra-band CA, FR2 inter-band CA, and FR1+FR2 CA. 
Based on the above analysis of benefits of PUCCH cell switch for FR2, and considering most of the specification can be reused between FR1 and FR2, we have the following proposal. 
Proposal 8: RAN1 complete the specification of PUCCH cell switch for both FR1 and FR2 in Rel-17. 
In the following, we address the two specific remaining issues on PUCCH cell switch specifically related to FR2, with the principle to reuse Rel-15 PUCCH BM procedure for Pcell as much as possible. 
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 8.
[image: ]
[bookmark: _Ref92794678][bookmark: _Ref86517928]Fig 8: 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 9, 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. 
[image: ]
[bookmark: _Ref86518575]Fig 9: Mapping between PUCCH spatial relation info and PUCCH resource in Rel-17
Proposal 9: 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 10: 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.     
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 10. 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. 
[image: ]
[bookmark: _Ref86574481]Fig 10: PUCCH carrier switch with dynamic PUCCH scheduled by legacy DCI
Based on the above discussion, the following proposal is made. 
Proposal 11: 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 12: 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 13: 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. However, due to the complexity of specification to support intra-UE multiplexing + parallel PUCCH/PUSCH transmission + PUCCH cell switch, we propose to support PUCCH cell switch + parallel PUCCH/PUSCH transmission in Rel-17. RAN1 can further study how to support the joint operation of the three features in later releases. 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. For joint operation 3, agreements have been made to support it in RAN1 107e. However, the specification for joint operation 2 is not completed yet.   

Proposal 14: RAN1 complete the specification on the following joint operations in Rel-17
· Joint operation of PUCCH cell switch and parallel PUCCH/PUSCH transmission.
· Joint operation of PUCCH cell switch with PUCCH repetition.
Conclusions
In summary, we make the following observations for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Observation 1: Ongoing/pending SPS HARQ deferral procedure is the procedure of deferring SPS HARQ having collided in any of the previous K slots and which is not yet transmitted in the time window between the instant of SPS HARQ collision with DL and up to the current slot.
Observation 2: A minimum time is required for the UE to stop/cancel an ongoing SPS HARQ deferral procedure after the reception of DCI scheduling Type 3 HARQ CB.
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: For SPS HARQ Deferral, if there are new DG HARQ bits in a PUCCH slot, this slot is considered a target PUCCH slot.
If the PUCCH resource in the target PUCCH slot is not sufficient for both new DG HARQ bits and deferred SPS HARQ, then, deferred SPS HARQ are dropped and only the new DG HARQ bits are transmitted.

Proposal 2: With regards to RAN 1 #107e agreement on joint configuration of SPS HARQ Deferral and Type 3 HARQ CB adopt the following wording (see underlined text in purple):
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops any ongoing/newly triggered deferral procedure of SPS HARQ-ACK within the time window from the start of X-th symbols after the end of DCI scheduling Type 3 HARQ-ACK codebook and up to the start of the PUCCH transmission of Type 3 HARQ CB.
The value of X is up to UE capability.
Proposal 3: For the #107e agreement on joint configuration of SPS HARQ Deferral and PUCCH carrier switching, adopt the following wording (underlined text in purple color):
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell
Note: If “the next PUCCH slot” on the PUCCH cell indicated by the PUCCH cell pattern can not carry the total UCI payload, SPS HARQ bits are dropped.
Note: If SPS HARQ is configured with repetitions, all deferred SPS HARQ repetitions take place in ” in the same PUCCH cell” (If the semi-static PUCCH cell switching happens between PUCCH repetitions, the PUCCH cell switching is delayed after the last repetition).
Proposal 4: The DCI triggering the request for one shot HARQ CB retransmission contains a field indicating the HARQ CB size.
Proposal 5: The slot offset for triggered HARQ CB retransmission is coded in 3 bits and 8 “slot offset” values are mapped to the 8 different entries. The same mapping as the one for k1 values is used.
Proposal 6: The first 3 bits of the DCI field “MCS” for the 1st TB is used to indicated the slot offset of the requested HARQ CB to be retransmitted.
Proposal 7: If certain HARQ process IDs of the requested HARQ CB to be retransmitted are no longer available, i.e. the content of one or more HARQ process(es) included in the cancelled HARQ CB is replaced by new HARQ bits, the UE transmits the new content of HARQ process(es) being updated.
Proposal 8: RAN1 complete the specification of PUCCH cell switch for both FR1 and FR2 in Rel-17. 
Proposal 9: 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 10: 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 11: 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 12: Support semi-static PUCCH carrier switching per PHY priority.

Proposal 13: 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 14: RAN1 complete the specification on the following joint operations in Rel-17
· Joint operation of PUCCH cell switch and parallel PUCCH/PUSCH transmission.
· Joint operation of PUCCH cell switch with PUCCH repetition.
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