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In the RAN1#103-e meeting, the following agreements were achieved [1].
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB



This contribution firstly provides our views on the details of enhancements for SPS HARQ-ACK dropping for TDD systems, and then further discusses other potential enhancements for HARQ-ACK feedback in Rel-17.    
Feedback enhancements for HARQ-ACK
2.1 Enhancements for HARQ-ACK dropping for DL SPS 
In Rel-15 and Rel-16, HARQ-ACK feedback for SPS would be dropped when it collides with symbols that cannot be used for uplink transmission. In unpaired spectrum, DL heavy configurations and multiple SPS configurations will cause HARQ-ACK being dropped frequently, which would waste resources and has bad impact on the system performance. Therefore, it was agreed to support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or at least one flexible symbol not indicated to UL by SFI. However, how to perform the postponing and how to multiplex the HARQ-ACK with other existing feedback information in the new slot/sub-slot still needs to be discussed. 
There are two candidate options as summarized in the chairman notes [2]:
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 


Between option 1 and option 2, we still prefer option 1. For option 2, the main concern on the Type-3 HARQ-ACK codebook is the overhead, which will have impact on the reliability of URLLC. Although there may be some enhancements to reduce the size of the HARQ-ACK codebook, we see more additional standard effort compared to Option 1 and we still wonder how much the payload size can be reduced with enhancements. 
As shown in the agreement from RAN1#103-e, the first open issue is the definition of the first available PUCCH resource. To define the first available PUCCH resource, firstly we need to discuss the handling of semi-static D/U/F symbols and the handling of SFI as shown in [2]. In our understanding, the available PUCCH resource should be located in uplink symbol(s), including semi-static configured uplink symbol(s) and the uplink symbol(s) indicated by dynamic SFI and dynamic DCI. Similar to Rel-15, a flexible symbol(s) is not used unless it is changed to an uplink symbol by dynamic SFI and/or dynamic DCI. 
The PUCCH resource of the first available PUCCH can be defined as the first PUCCH resource available in time after the instant of the deferred SPS PUCCH HARQ. Both PUCCH resources for SPS PDSCH only HARQ-ACK (PUCCH resources configured in sps-PUCCH-AN-List-r16) and dynamic PDSCH HARQ-ACK (PUCCH resources configured in PUCCH-ResourceSet) can be the first available PUCCH, depending on which one is the first to be available. 
[bookmark: OLE_LINK1]As to codebook construction, it would be good to reuse the existing mechanism as much as possible. In order to multiplex the postponed HARQ-ACK and other HARQ-ACKs simply, it is better to limit that the time difference between the slot with the end of the SPS PDSCH and the slot with the first available PUCCH to be one of the configured k1 values in the configured K1 set. Then, the current codebook generation mechanism can be reused and almost no additional specification is needed, while the latency could be guaranteed. 
Proposal 1：Deferring HARQ-ACK until the first available PUCCH resource should be supported to avoid SPS HARQ-ACK dropping for TDD.
· The first available PUCCH resource can be either the PUCCH resource configured for SPS PDSCH only HARQ-ACK (i.e. PUCCH resources configured in sps-PUCCH-AN-List-r16) or the PUCCH resource for dynamic PDSCH HARQ-ACK (i.e. PUCCH resources configured in PUCCH-ResourceSet), depending on which one is the first to be available. 
· The time difference between the slot with the end of the SPS PDSCH and the slot with the first available PUCCH resource should be one of the k1 values in the configured K1 set.  

2.2 Type 1 HARQ-ACK codebook construction based on sub-slot configuration
Both Type-1 codebook and Type-2 codebook are supported in Rel-15 and Rel-16, but the sub-slot based HARQ-ACK codebook is only introduced for the Type-2 HARQ-ACK codebook in Rel-16. According to the FL’s summary in Rel-16 maintenance on sub-slot based Type-1 HARQ-ACK codebook [3], the majority view is that the clauses in the Rel-16 RAN1 specification do not intend to support a sub-slot based Type-1 HARQ-ACK codebook. 
The main reason to support a sub-slot based Type-1 HARQ-ACK codebook is for reliability, especially for URLLC, because Type-1 HARQ-ACK codebook is more robust compared to the Type-2 HARQ-ACK codebook. The Type-2 codebook makes the ACK/NACK feedback reliability vulnerable to the missing of another DCI (i.e., the last DCI with ACK/NACK pointed to the same sub-slot), which will have impact on the overall reliability for URLLC. Note that even though the reliability of the PDCCH is improved for URLLC, the overall reliability requirement for URLLC is also tightened. Therefore, even if the probability of a missed DCI is very low, it will still result in that the overall reliability requirement cannot be met. 
During the Rel-16 discussion, one concern raised on the support of a sub-slot based Type-1 HARQ-ACK codebook is the feedback redundancy. However, we think it can be controllable by an appropriate K1 set and SLIV set configuration for URLLC transmission. For example, it may be a general case to configure a small K1 set or a small SLIV set considering the URLLC data is often scheduled with tight scheduling latency. 
Another concern raised in Rel-16 is the complexity of the support of a sub-slot based Type-1 HARQ-ACK codebook. However, we don’t think that complexity is an issue. Sub-slot based Type-1 HARQ-ACK codebook can be supported by a simple extension of the slot-based Type-1 HARQ-ACK codebook. For example, the associated sub-slots of a given UL sub-slot can be determined based on the configured K1 set, then for each sub-slot the SLIVs whose ending symbols are located in this sub-slot are selected from the configured SLIV set and the SLIV splitting is performed for these SLIVs belonging to the same sub-slot to get the PDSCH occasion per sub-slot. 
Proposal 2：Sub-slot based type 1 HARQ-ACK codebook construction should be supported in Rel-17.
2.3 PUCCH repetition over sub-slots
In Rel-16, crossing the slot boundary as well as the sub-slot boundary is not allowed for PUCCH. Then, in some cases, only PUCCH format 0/2 can be used based on the sub-slot configuration, e.g. 2-symbol*7. However, the short PUCCH format 0/2 does not support repetition, and the PUCCH reliability is therefore impacted, this is especially the case at the cell edge. 
In Figure 1, the cumulative distribution function (CDF) of the signal-to-interference-plus-noise ratio (SINR) is presented for the uplink geometry resulting from the simulation settings shown in Table A1-1 in Appendix 1. In order to ensure service availability for 95% of the users, the working threshold should not be smaller than -4.5 dB.  
[image: ]
Figure 1 - Cumulative distribution function (CDF) of uplink geometry
Based on the link level simulation with the settings from Table A1-2 in Appendix 1, the NACK-to-ACK error rate of PUCCH format 0 is 0.00149 at the working point of -4.5 dB. The simulation results are shown in Figure 2. The PUCCH error rate is too high to meet the high reliability requirements of URLLC, such as BLER = 10-6 in the motion control system [4].
[image: ]
Figure 2 - Link Simulation Results of PUCCH. (a) NACK-to-ACK performance of Format 0; (b) Block Error Rate of Format 2.
Therefore, the PUCCH reliability should be enhanced. It can be expected that once the reliability of the PUCCH is improved, then also the requirement for the PDSCH can be relaxed. 
One way to enhance the PUCCH reliability is to support sub-slot based PUCCH repetition in Rel-17. 
Two cases for PUCCH repetition over sub-slots are shown in Figure 3: 
In case 1, due to the processing time for PDSCH, the HARQ-ACK can only be transmitted after symbol 12 of slot i. But long PUCCHs, just like format 1, 3, 4, cannot be used because they would cross the boundary between slot i and slot i+1. If we want to use long PUCCHs to enable a high reliability, the HARQ-ACK has to be transmitted in slot i+1. Considering the low latency requirement, it is preferred to utilize the last two symbols of slot i with short PUCCHs to transmit the HARQ-ACK. Meanwhile, in order to ensure the reliability, we could transmit the short PUCCH three times continuously. 
Case 2 is another example for PUCCH repetitions over sub-slots. In Rel-16, sub-slot based PUCCH transmission is permitted, but the repetition type for sub-slot based PUCCH is slot-based, so the reliability and latency cannot be maintained simultaneously. Based on the methods shown in Case 2, it could be found that the latency is much smaller than that of the R16-based slot repetition. If the sub-slot length is 2 symbols, the Case 2 can achieve the similar latency as Case 1. Furthermore, sub-slot based PUCCH repetitions can also be combined with multi-TRP receptions to improve reliability and robustness, wherein the PUCCH configuration within the sub-slot can guarantee enough time for PUCCH beam switching. 
In addition, the PUCCH repetition number is semi-static configured in Rel-16. To support more flexible and efficient PUCCH repetition for URLLC, it is important that the PUCCH repetition number is indicated in a dynamic way. 
Proposal 3：PUCCH repetitions over sub-slots should be supported in Rel-17, and dynamic indication of the number of repetitions should be supported.
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Figure 3 - Two cases for PUCCH repetition over sub-slots
2.4 HARQ-ACK skipping for DL SPS 
In the RAN1#103-e meeting, the following agreements were achieved about HARQ-ACK skipping:
	Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …
Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB



Some companies think only the NACK for skipped PDSCH(s) should be skipped, which means the UE should know which PDSCH has been skipped. In our opinion, this restriction is not necessary. As long as the UE doesn’t receive SPS PDSCH in the configured PDSCH occasion, it would skip the NACK feedback. The gNB knows whether the PDSCH in this PDSCH occasion is skipped or not, so there is no misunderstanding between the gNB and the UE. Therefore, there is no need to differentiate skipped PDSCH and non-skipped PDSCH, i.e. dynamic indication of skipped SPS PDSCH occasions is not needed. 
In Rel-16 multiple DL SPS configurations have been introduced and each of them may support a periodicity of 1 slot. Considering that the reliability requirement could be 99.999% or even up to 99.99999%, and the period of each SPS configurations could be down to 1 slot, the UE would feed back ACK in most cases. In order to reduce the UL interference, the ACK corresponding to DL SPS transmissions could be skipped and NACK-only feedback could be used instead. 
Observation 1: Requiring the UE to always send HARQ feedback for all candidate PDSCHs can result in large overhead and unnecessary UL interference, when multiple DL SPS configurations with low periodicity are configured.
Considering above two aspects, ACK skipping and/or NACK skipping can be supported in Rel-17, and if both are supported, which one to use can be configured by gNB.
Proposal 4：ACK skipping and/or NACK skipping should be supported for DL SPS in Rel-17.
No matter for ACK skipping or NACK skipping, it is preferable that SPS HARQ skipping is only done when the PUCCH only carries NACKs or ACKs for SPS PDSCH(s), otherwise it would cause ambiguity on the HARQ-ACK codebook size between gNB and UE.  In addition, if the PUCCH carries the HARQ-ACK for both SPS PDSCH and DG PDSCH, NACK skipping or ACK skipping should not be done either for simplicity.
Proposal 5：ACK skipping or NACK skipping is performed when the corresponding PUCCH only carries ACKs or NACKs of SPS PDSCH(s), respectively.
2.5 PUCCH carrier switching for TDD carriers
It is difficult to meet the latency requirement in unpaired spectrum,  because there would only be few UL symbols available to transmit the HARQ-ACK information, especially in DL heavy configurations. For example, in Figure 4, the TDD configuration is 4:1 for cell 1 with SCS=60 kHz, and assuming PDSCH is received in symbol 9~12 in slot 0. According to the PDSCH processing time for PDSCH processing capability 1, the UE is able to feed back the PUCCH after 17 symbols. This means that the gNB could use K1=2 to indicate a PUCCH recource in symbol 3~8 in slot 2 to transmit the HARQ-ACK of this PDSCH. But this could not be realized because this PUCCH would then be omitted due to overlap with DL symbols. Therefore, the gNB must indicate K1=4 to transmit this HARQ-ACK feedback，which means about 0.32ms latency is introduced just for the HARQ-ACK feedback, which is too much to stay within the overall the 0.5ms or 1ms latency bounds.
In the CA case, supporting to use the nearest UL transmission opportunity on another CC can help to reduce the HARQ feedback delay. For example, in Figure 4, assuming cell 1 and cell 2 are two aggregated cells, cell1 is a TDD carrier and cell 2 is a FDD carrier. Considering the latency requirement, the UE could choose to send feedback in symbol 8 in slot 0 of cell 2, which would obviously decrease the latency compared to using symbol 3~8 in slot 4 of cell 1. 
According to the PDSCH processing time for PDSCH processing capability 1, we can find that the UE is able to feed back the PUCCH after 17 symbols for 60 kHz and after 8 symbols for 15 kHz. The absolute time for 17 symbols with 60 kHz SCS is shorter than 8 symbols with 15 kHz SCS, which means for the cases that there is a valid symbol to transmit PUCCH on cell 1 based on the 17-symbol internal, feedback in a cell with 60kHz would have lower latency. 
In addition to the exmaple illustrated above, considering the low latency requirement of URLLC services, PUCCH carrier switching could be considered for TDD carriers in Rel-17 also.
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Figure 4 An example for dynamic PUCCH cross-carrier scheduling for TDD carriers
As to how to support PUCCH carrier switching, two alternatives were discussed in RAN1#103-e, i.e. dynamic indication of PUCCH carrier switching (Alt.1) and PUCCH cell switching based on semi-static configuration (Alt.2). For more flexibility, alternative 1 is better, which can be supported by simple extension of the current PUCCH resource indication mechanism. For example, a new DCI field can be added to explicitly indicate which carrier to carry the PUCCH, and the HARQ codebook can be constructed based on those DCIs with the same value of the new field. Another example is that if the indicated slot/sub-slot or the PUCCH resource cannot carry the PUCCH based on current K1 and/or PUCCH resource indication, another carrier can be selected for the PUCCH transmission based on a pre-configured rule (e.g., cell index priority). For Alt.2, it is not clear how it will work or what the difference is compared to the current mechanism, the pros and cons would depend on more details of Alt.2. One candidate solution for Alt.2 raised in RAN1#103-e is that one of the SCell(s) can be configured semi-statically for PUCCH transmission instead of dynamic carrier switching, however, it cannot achieve the flexibility for dynamic PUCCH carrier switch and also does not work well when different TDD CA with different UL/DL configurations. . 
Proposal 6：Dynamic PUCCH carrier switching could be considered for TDD carriers in Rel-17.
[bookmark: OLE_LINK9]2.6 HARQ-ACK codebook size reduction
In Rel-15, the gNB can use higher layer signaling to configure the maximum number of code words, i.e. {1 or 2} that a single DCI (i.e. DCI format 1_1) may schedule. If the maximum number of code words is configured as 2, then it means that DCI format 1_1 can schedule 1 or 2 code words. In order to avoid misaligned HARQ-ACK codebook sizes between the gNB and the UE, due to potential DCI miss detection, the HARQ-ACK codebook is constructed based on 2 code words no matter if the DCI schedules one or two code words.
In Rel-16, this principle is also reused for two HARQ-ACK codebooks with a different priority index. It means if the maximum number of code words is configured as 2, then these two HARQ-ACK codebooks are constructed based on 2 code words. However for URLLC, generally only one code word is scheduled by DCI format 1_1 or DCI format 1_2. Note that for DCI format 1_2, scheduling 2 code words is not supported due to that there is no field associated with the 2nd code word in DCI format 1_2. Thus, the high priority HARQ-ACK codebook construction based on 2 code words will increase its size unnecessarily. So in this case we can consider to construct the high priority HARQ-ACK codebook based on only one code word regardless of the configured maximum number of code words. This can reduce the size of high priority HARQ-ACK codebook by half to further improve its reliability due to a lower code rate that can be used.
Observation 2: If the gNB configures up to two code words that one DCI may schedule, the high priority HARQ-ACK codebook construction based on two code words may increase its size unnecessarily.
Proposal 7: Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.
2.7 Retransmission of cancelled HARQ
According to the discussion in last meeting, two aspects have been considered for the retransmission of cancelled HARQ. One is for retransmission of cancelled low priority HARQ due to collision with high priority UCI, the other is for retransmission of cancelled high priority HARQ due to CI.
Firstly, we think the retransmission of cancelled low priority HARQ due to collision with high priority UCI is not necessary in this stage, because the benefit is not clear since we already have one objective to do the multiplexing in agenda 8.3.3. Depending on the multiplexing scheme, the use case for re-transmission of the cancelled/dropped HARQ may be small. 
Secondly, for the cancelled high priority HARQ, we think there is no such case of dropped HP HARQ-ACK unintentionally, since gNB could indicate a proper K1 value and a proper PUCCH resource for high priority HARQ.
Proposal 8：Retransmission of cancelled HARQ is not necessary in Rel-17.

Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1：Deferring HARQ-ACK until the first available PUCCH resource should be supported to avoid SPS HARQ-ACK dropping for TDD.
· The first available PUCCH resource can be either the PUCCH resource configured for SPS PDSCH only HARQ-ACK (i.e. PUCCH resources configured in sps-PUCCH-AN-List-r16) or the PUCCH resource for dynamic PDSCH HARQ-ACK (i.e. PUCCH resources configured in PUCCH-ResourceSet), depending on which one is the first to be available. 
· The time difference between the slot with the end of the SPS PDSCH and the slot with the first available PUCCH resource should be one of the k1 values in the configured K1 set.  
Proposal 2：Sub-slot based type 1 HARQ-ACK codebook construction should be supported in Rel-17.
Proposal 3：PUCCH repetitions over sub-slots should be supported in Rel-17, and dynamic indication of the number of repetitions should be supported.
Observation 1: Requiring the UE to always send HARQ feedback for all candidate PDSCHs can result in large overhead and unnecessary UL interference, when multiple DL SPS configurations with low periodicity are configured.
Proposal 4：ACK skipping and/or NACK skipping should be supported for DL SPS in Rel-17.
Proposal 5：ACK skipping or NACK skipping is performed when the corresponding PUCCH only carries ACKs or NACKs of SPS PDSCH(s), respectively.
Proposal 6：Dynamic PUCCH carrier switching could be considered for TDD carriers in Rel-17.
Observation 2: If the gNB configures up to two code words that one DCI may schedule, the high priority HARQ-ACK codebook construction based on two code words may increase its size unnecessarily.
Proposal 7: Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.
Proposal 8：Retransmission of cancelled HARQ is not necessary in Rel-17.
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Appendix 1
Table A1-1 System simulation for CDF of uplink geometry for factory automation
	Parameter
	Value

	Bandwidth
	40 MHz

	Carrier Frequency
	4 GHz

	Numerology
	30 kHz

	Number of UE per Cell
	12

	Layout
	Single layer as defined in 38.802
Indoor floor: 120 m x 50 m
12BSs (one cell per BS)

	Duplex mode
	TDD



Table A1-2 Link simulation for NACK-to-ACK error rate
	Parameter
	Value

	Bandwidth 
	40 MHz

	Carrier Frequency
	3.5 GHz

	Numerology
	30 kHz

	Antenna configuration
	1T2R

	Channel Model
	TDL-C (100ns delay spread)

	Number of RB for Format 0
	1

	Payload size (bits) for Format 0
	1

	Number of symbols for Format 0
	2

	Number of RB for Format 2
	3

	Payload size (bits) for Format 2
	10

	Number of symbols for Format 2
	2



image2.png
NACK-to-ACK

(2)

107

SNR =-4.5 dB
NACK-to-ACK =0.00149

10°
6 S5 4 3 2 4 0 1 2 3

SNR(dB)

Block Errror Rate

3

102

10°
-6

(b)

SNR =-4.5 dB
Block Error Rate = 0.12

-5 4 -3 -2 -1

NR(dB)





image3.png
Casel

Case2

slot i

slot i+1

.

[T rTs]

BT« [s[e[7[s[s[w]ulnln

el S —
ACKINACK Repetiion Number 3
puccH PUCCH PUCCH
I
A 15 s o [ A 15 e o [\ A [5 16
subtot 1 subsot2 et





image4.png
celll 60KHz

cell2 15kHz

Slot0




image1.png
F(x)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

x=-4.5dB
F(x) = 0.05

0
-10




