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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 enhancements on HARQ-ACK are 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 RAN plenary #94e ([3]) the plan for Release 17 standardization of URLLC/IIOT is to be finalized in Q1 2022. A number of open issues is identified. The open items to be addressed refer to the following topics:
1. SPS HARQ deferral
a. SPS HARQ deferral Interaction with other features, such as Type 3 HARQ CB and PUCCH repetitions
2. Triggered HARQ CB retransmission (“1-shot HARQ CB retransmission”)
3. PUCCH carrier switching.
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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 does not consider the slot of Type 3 HARQ CB transmission as “target slot” 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
“…
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 the example of 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 1: 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. In [5], a number of details that needed to be clarified around this joint configuration of SPS HARQ deferral and Rel. 17 Type 3 HARQ CB triggering were listed, and some cases of ambiguity were presented. At the last #107bis-e meeting ([4]), the following conclusion was drawn:
	Conclusion
The operation of simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral is further clarified as:
· If the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 or enhanced Type-3 HARQ-ACK codebook in a slot, the UE stops the procedure to determine the earliest second slot in that slot.
The pending SPS HARQ information for deferral is not appended to the Type-3 or enhanced Type 3 CB in that slot.



The wording of the above conclusion “… the UE stops the procedure to determine the earliest second slot in that slot.” implies that the slot in which Type 3 HARQ CB transmission takes place is not considered to be a “target slot” or a “first available PUCCH resource” for the UE. However, what is missing from the agreement and conclusion is the UE behavior with regards to the ongoing SPS HARQ deferral procedure after the Type 3 HARQ CB transmission.
For Release 16 Type 3 HARQ CB, the UE having transmitted all HARQ bits for all activated HARQ processes in all CCs, the intuitive understanding is that the UE drops/stops the deferral procedure for all pending SPS HARQ deferred bits.
For Release 17 Type 3 HARQ CB, the transmitted by the UE Type 3 HARQ CB might include the HARQ Process(es) that correspond to the deferred SPS HARQ bits, or, the Rel. 17 Type 3 HARQ CB might not include the HARQ Process(es) that correspond to the pending SPS HARQ deferral procedure.
Observation 1: RAN 1 to clarify the UE behavior with regards to SPS HARQ bits in pending/ongoing SPS HARQ deferral procedure, when SPS HARQ Deferral and Rel. 17 Type 3 HARQ CB are jointly configured; what should the UE behavior be after Rel. 17 Type 3 HARQ CB transmission in the following cases: 
i) Rel. 17 Type 3 HARQ CB does contain (entirely or partly) the deferred SPS HARQ bits
ii) Rel. 17 Type 3 HARQ CB does not contain any of the deferred SPS HARQ bits.
The intuitive and reasonable behavior is that the UE does not transmit again the deferred SPS HARQ bits if at least a part of those SPS HARQ bits is transmitted via Rel. 17 Type 3 HARQ CB; the UE has transmitted – at least partly - these HARQ bits that correspond to the SPS HARQ processes being deferred, hence, there is no need for the UE to keep on trying to find the first available PUCCH resource. Moreover, the request from the network for a Rel. 17 Type 3 HARQ CB and the inclusion of the SPS HARQ processes having collided with DL implies that the network wants to have these HARQ bits via Type 3 HARQ CB. In this case, the UE should stop SPS HARQ deferral procedure and drop all pending SPS HARQ bits.
In the other case, the transmitted Type 3 HARQ CB does not contain a single HARQ Process of the deferred SPS HARQ bits, then, the UE has two options, either i) stop the SPS HARQ deferral procedure and drop all pending SPS HARQ bits or ii) find the “target slot” (or next available PUCCH resource) after the Type 3 HARQ CB transmission.
The UE might stop SPS HARQ deferral and drop the pending SPS HARQ bits, even if the UE has not yet transmitted these HARQ bits via Type 3 HARQ CB. Such a UE behavior implies that the network request for Rel. 17 Type 3 HARQ CB without the inclusion of the HARQ processes in SPS HARQ deferral is translated as the network not wanting these deferred SPS HARQ bits. 


[bookmark: _Ref92717728]Figure 2: 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 only - according to the agreement- and the UE transmits the deferred SPS HARQ bits at the first available PUCCH resource after the Rel. 17 Type 3 HARQ CB transmission, hence at slot #N + 3. The UE does not stop the SPS HARQ deferral in this case.
The other option for this case of the Rel. 17 Type 3 HARQ CB not containing the HARQ processes being in the process of SPS HARQ deferral, is that the UE continues the search for the “target slot” (or first available PUCCH resource) after the Rel. 17 Type 3 HARQ CB transmission. An example of this operation is illustrated in Figure 2.
The former option is the one without any assumption in the UE and therefore is preferred. 
Hence, the following proposal:
Proposal 1: In case of joint SPS HARQ Deferral and Rel. 17 Type 3 HARQ CB and after the Rel. 17 Type 3 HARQ CB transmission, the UE
· Stops/cancels the transmission of pending/ongoing SPS HARQ bits to be deferred at the first available uplink resource, if at least a part of the SPS HARQ bits to be deferred is already transmitted via Rel. 17 Type 3 HARQ CB, 
· transmits the SPS HARQ bits to be deferred at the first available uplink resource after the Rel. 17 Type 3 HARQ CB transmission, if none of the deferred SPS HARQ bits is transmitted via Rel. 17 Type 3 HARQ CB.
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 the example of 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. 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 as the time for cancelling/stopping an ongoing SPS HARQ deferral procedure, when the request for Type 3 HARQ CB is triggered. Otherwise, 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, e.g., the UCI that contains the deferred SPS HARQ bits is multiplexed onto PUSCH, 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, as also observed in [5]. A clarification is needed. 
Observation 2: RAN 1 to clarify the UE behavior with regards to the time requirement for the UE to cancel/stop an ongoing SPS HARQ deferral procedure.
Figure 3 shows an example of the UE timeline with regards to the cancellation of an ongoing SPS HARQ deferral upon reception of a request for Type 3 HARQ CB. After SPS HARQ collision with DL, SPS HARQ deferral starts at slot #N (Step 1), and the UE finds target slot for deferred SPS HARQ (slot #N + 3). The UE receives a DCI triggering a request for Rel. 17 Type 3 HARQ CB at slot #N + 2 (Step 2) and HARQ processes having collided with DL are included in the requested Type 3 HARQ CB. Type 3 HARQ CB is scheduled to be transmitted in slot #N + 3. The UE cancels the ongoing SPS HARQ deferral at slot #N + 2 (Step 3). The UE transmits Type 3 HARQ CB in slot #N + 3 (Step 4).
Considering all of the possible cases of deferred SPS HARQ multiplexing with other types of uplink traffic, the proposal is that the time requirement for stopping/dropping an ongoing SPS HARQ deferral procedure should be equal to the PUSCH preparation time, Tproc,2 ([6]).


[bookmark: _Ref95505753]Figure 3: UE timeline with regards to the cancellation of SPS HARQ deferral procedure for joint configuration of “SPS HARQ Deferral” and Rel. 17 Type 3 HARQ CB. After SPS HARQ collision with DL, SPS HARQ deferral starts at slot #N (Step 1), and the UE finds target slot for deferred SPS HARQ (slot #N + 3). The UE receives a DCI triggering a request for Rel. 17 Type 3 HARQ CB at slot #N + 2 (Step 2) and HARQ processes having collided with DL are included in the requested Type 3 HARQ CB. Type 3 HARQ CB is scheduled to be transmitted in slot #N + 3. The UE cancels the ongoing SPS HARQ deferral at slot #N + 2 (Step 3). The UE transmits Type 3 HARQ CB in slot #N + 3 (Step 4).
Proposal 2: Adopt the existing timeline in terms of uplink cancellation for the SPS HARQ deferral cancellation/stopping: Tproc,2. 
SPS HARQ Deferral and PUCCH repetitions
In the last #107e meeting ([4]), the following was concluded:
	Conclusion
There is no consensus to support joint operation of SPS HARQ-ACK deferral and PUCCH repetition in Rel-17.



The interpretation of the above conclusion is that the UE is not expecting to be configured simultaneously with both a) SPS HARQ deferral and b) SPS PUCCH with repetitions. In case the network configures one SPS with both of these features activated, then, the question is what the UE behavior should be. 
One option would be that the UE considers this configuration an error case and SPS activation with such joint configuration of SPS HARQ deferral and repetitions is not acknowledged.
The other option would be that the SPS configuration with both a) SPS HARQ deferral and b) PUCCH repetitions activated is accepted. However, the former option might result in cases of ambiguity for the UE and as such this second option should be avoided.
The proposal is that an SPS configuration with both SPS HARQ deferral and SPS PUCCH repetitions is not permitted.
Proposal 3: Following the #107bis-e conclusion not allowing joint configuration of SPS HARQ Deferral and PUCCH repetitions, the UE is not expecting to be configured with both SPS HARQ deferral and PUCCH repetitions; such a joint configuration is treated as an error case.
In case joint configuration of SPS HARQ deferral and SPS PUCCH repetitions is finally permitted, and the UE is indeed configured with an SPS supporting both of these two features, there are two cases. In the first case, it might happen that the UE never triggers SPS HARQ collision with DL and consequently the UE never triggers SPS HARQ deferral. The alternative scenario is that SPS HARQ collision with DL is triggered. In this case, there is uncertainty in the UE behavior with regards to the maximum deferral time, k1def_max. Should the UE respect the maximum deferral time or not? Since there is not conclusion or agreement specifying the UE behavior in this case, the UE can ignore the maximum deferral time. Hence, the UE applies the Rel. 16 specification for PUCCH repetitions. As a consequence, the maximum deferral time is valid only for SPS configurations with SPS HARQ deferral activated and without PUCCH repetitions.
Proposal 4: RAN 1 to clarify that the maximum deferral time, k1def_max, is applicable only for SPS configured with deferral and without SPS PUCCH repetitions.
Triggered HARQ CB Retransmission 
In the previous #107bis-e meeting, some specification gaps of triggered HARQ CB retransmission (“one-shot” HARQ CB retransmission) are filled.
A few remaining topics are addressed below.
Retransmitted HARQ CB Size
With regards to the indication of the retransmitted HARQ CB size, the following conclusion was drawn in #107bis-e ([4]):
	Conclusion
There is no consensus on the support of HARQ-ACK CB size indication in the triggering DCI for HARQ-ACK re-transmission 



With this conclusion, the UE behavior should be clarified when the UE is requested to transmit a given HARQ CB – scheduled for initial transmission in slot #N – without the UE having this requested HARQ CB due to missed DCI. The case has high chances of happening due to the fact that the solution of “triggered HARQ CB retransmission” is mainly motivated for the scenarios of LP HARQ being dropped when there is collision with HP HARQ and multiplexing of HP HARQ and LP HARQ is not possible. Hence, the DCI scheduling the LP HARQ is missed in the scenario under discussion here. Considering that the UE is not able to multiplex few HP HARQ bits with few LP HARQ bits in a given PRI, very likely this UE might be in poor channel conditions. Hence, this certain UE not being able to decode a DCI for LP HARQ can happen with significant probability. 
The ambiguity with the requested HARQ CB not being available was explained in detail in [5]. The detailed description is repeated below.
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 and according to the #107bis-e conclusion 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. This case could be interpreted as an error case by the UE and the UE transmits nothing.
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 4. 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. If the retransmitted HARQ CB is scheduled at a slot in which there is a new HARQ CB, then, the gNB has two options for the totally transmitted HARQ CB size: either i) the sum of the new and of the retransmitted HARQ CB sizes, or ii) the size of the new HARQ CB (if the UE does not transmit anything). Without this decoding of these two different HARQ CB sizes, the feature of triggered HARQ CB retransmission will not be complete. In case the UE treats this scenario as an error case, then, the UE does not transmit anything; both the new and the retransmitted HARQ CBs are lost.


[bookmark: _Ref79143452]Figure 4: 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]The same can occur if in the slot in which HARQ CB retransmission is scheduled there are deferred SPS HARQ bits – according to the #107bis-e agreement ([4]).
Observation 3: RAN 1 to clarify the UE behavior for one-shot HARQ CB retransmission in the case the requested HARQ CB is not available at the UE.
It is proposed that the UE transmits 0 bits for the requested HARQ CB if this one is not available. Hence, in case in the scheduled slot for HARQ CB retransmission, there are other new HARQ bits and/or deferred SPS HARQ bits, the UE transmits only the new HARQ bits and/or deferred SPS HARQ bits. The same applies when UCI is multiplexed onto PUSCH.
Proposal 5: In case the requested for retransmission HARQ CB is not available, the UE does not transmit anything for the requested HARQ CB. In case, there are other HARQ CBs or deferred SPS HARQ CBs, or PUSCH on the slot indicated for the HARQ CB retransmission, then, the new HARQ CBs or deferred SPS HARQ CBs, or PUSCH only are transmitted.
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 4: 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: If the content of one or more HARQ process of the requested for retransmission HARQ CB has changed, i.e. is replaced by new HARQ bits, the UE considers the request for HARQ CB retransmission void and transmits nothing.


[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 last meetings, it was agreed that the DCI triggering HARQ CB retransmission does not schedule PDSCH. This implies that the PDSCH-related DCI fields-apart from the MCS field for the 1st transport block-are void. In order 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, or DCI for SCell dormancy indication, it is suggested that the CRC for the DCI triggering HARQ CB retransmission is scrambled with C-RNTI. Scrambling with CS-RNTI will result in ambiguity with the DCI for SPS release.
Proposal 7: The CRC of the DCI triggering HARQ CB retransmission is not scrambled with CS-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 index used in DCI transmission.
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. 
PUCCH cell switch and simultaneous PUCCH/PUSCH transmissions
Another simple and beneficial joint feature that RAN 1 should support is the joint operation of PUCCH cell switch and simultaneous PUCCH/PUSCH transmission. The typical use case is when PUCCH is switched to PUCCH sSCell, network can schedule a PUSCH on Pcell with different priority. The PUCCH and PUSCH can be simultaneous transmitted without UCI multiplexing. Comparing to the scenario where PUCCH is transmitted on Pcell and PUSCH is simultaneous transmitted on Scell, there is no additional spec impact and UE implementation complexity to support this joint feature. 
Proposal 10: Support joint operation of PUCCH cell switch and simultaneous PUCCH/PUSCH transmissions.   
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 11: 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 12: 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 observations for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Observation 1: RAN 1 to clarify the UE behavior with regards to SPS HARQ bits in pending/ongoing SPS HARQ deferral procedure, when SPS HARQ Deferral and Rel. 17 Type 3 HARQ CB are jointly configured; what should the UE behavior be after Rel. 17 Type 3 HARQ CB transmission in the following cases: 
i) Rel. 17 Type 3 HARQ CB does contain (entirely or partly) the deferred SPS HARQ bits
ii) Rel. 17 Type 3 HARQ CB does not contain any of the deferred SPS HARQ bits
Observation 2: RAN 1 to clarify the UE behavior with regards to the time requirement for the UE to cancel/stop an ongoing SPS HARQ deferral procedure.
Observation 3: RAN 1 to clarify the UE behavior for one-shot HARQ CB retransmission in the case the requested HARQ CB is not available at the UE.
Observation 4: 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: In case of joint SPS HARQ Deferral and Rel. 17 Type 3 HARQ CB and after the Rel. 17 Type 3 HARQ CB transmission, the UE
· Stops/cancels the transmission of pending/ongoing SPS HARQ bits to be deferred at the first available uplink resource, if at least a part of the SPS HARQ bits to be deferred is already transmitted via Rel. 17 Type 3 HARQ CB, 
· transmits the SPS HARQ bits to be deferred at the first available uplink resource after the Rel. 17 Type 3 HARQ CB transmission, if none of the deferred SPS HARQ bits is transmitted via Rel. 17 Type 3 HARQ CB.
Proposal 2: Adopt the existing timeline in terms of uplink cancellation for the SPS HARQ deferral cancellation/stopping: Tproc,2.
Proposal 3: Following the #107bis-e conclusion not allowing joint configuration of SPS HARQ Deferral and PUCCH repetitions, the UE is not expecting to be configured with both SPS HARQ deferral and PUCCH repetitions; such a joint configuration is treated as an error case.
Proposal 4: RAN 1 to clarify that the maximum deferral time, k1def_max, is applicable only for SPS configured with deferral and without SPS PUCCH repetitions.
Proposal 5: In case the requested for retransmission HARQ CB is not available, the UE does not transmit anything for the requested HARQ CB. In case, there are other HARQ CBs or deferred SPS HARQ CBs, or PUSCH on the slot indicated for the HARQ CB retransmission, then, the new HARQ CBs or deferred SPS HARQ CBs, or PUSCH only are transmitted.
Proposal 6: If the content of one or more HARQ process of the requested for retransmission HARQ CB has changed, i.e. is replaced by new HARQ bits, the UE considers the request for HARQ CB retransmission void and transmits nothing.
Proposal 7: The CRC of the DCI triggering HARQ CB retransmission is not scrambled with CS-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 index used in DCI transmission.
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 joint operation of PUCCH cell switch and simultaneous PUCCH/PUSCH transmissions.     
Proposal 11: Support semi-static PUCCH carrier switching per PHY priority.

Proposal 12: 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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