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[bookmark: _Toc54340757]Introduction
At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2].
There are five objectives for the approved work item:

1. 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 
	….

At RAN1 #102-e, the following were agreed:

Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)

Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
In this contribution we provide our views on some of those considered enhancements. 
[bookmark: _Toc54340758]Discussion on SPS HARQ skipping for ‘skipped’ SPS PDSCH and non-skipped SPS PDSCH
[bookmark: _Toc54340759]SPS design in NR
In Rel-15 NR, DL SPS was introduced; and in Rel-16 NR, DL SPS has been enhanced.

By examining the SPS-config IE in TS 38.331 (Rel-16):
SPS-Config ::= SEQUENCE {
   periodicity ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
      spare6, spare5, spare4, spare3, spare2, spare1},
   nrofHARQ-Processes INTEGER (1..8),
   n1PUCCH-AN PUCCH-ResourceId OPTIONAL, -- Need M
   mcs-Table ENUMERATED {qam64LowSE} OPTIONAL, -- Need S
   ...,
   [[
   sps-ConfigIndex-r16 SPS-ConfigIndex-r16 OPTIONAL, -- Cond SPS-List
   harq-ProcID-Offset-r16 INTEGER (0..15) OPTIONAL, -- Need R
   periodicityExt-r16 INTEGER (1..5120) OPTIONAL, -- Need R
   harq-CodebookID-r16 INTEGER (1..2) OPTIONAL,-- Need R
   pdsch-AggregationFactor-r16 ENUMERATED {n1, n2, n4, n8 } OPTIONAL-- Need S
   ]]
}

	periodicityExt
This field is used to calculate the periodicity for DL SPS (see TS 38.214 [19] and see TS 38.321 [3], clause 5,8.1). If this field is present, the field periodicity is ignored.
The following periodicities are supported depending on the configured subcarrier spacing [ms]:
15 kHz:	periodicityExt, where periodicityExt has a value between 1 and 640.
30 kHz:	0.5 x periodicityExt, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
120 kHz:					0.125 x periodicityExt, where periodicityExt has a value between 1 and 5120.



we can see the periodicity with the current DL SPS design does not support traffic’s periodicity well. 

In one example, for traffic generated at 120 Hz, its periodicity is 25/3 milliseconds; such a periodicity cannot be configured with the current DL SPS configuration.

Over-provision has been considered as a solution to deal with the mismatch between periodicity supported by DL SPS and traffic’s periodicity.  We can identify at least two issues with over-provision:
· UE power consumption:
· The UE can be burdened with detection with non-existent PDSCH, which can have severe UE power consumption implication;
· Wasted system resources and raised interference level
· The UE needs to send HARQ feedback even for non-existent SPS PDSCH and the transmission leads to raised interference level in the uplink spectrum.

At RAN1 #102-e, a number of companies proposed to address the issue of wasted system resources and raised interference level. In our view, the UE power consumption is also a critical issue. Also the SPS HARQ skipping behavior with NACKs for all SPS achieves HARQ feedback overhead reduction only for SPS only HARQ feedback; in the case there is a single HARQ bit for DG PDSCH then HARQ feedback bits for non-existent DL PDSCHs are still needed. 

For a UE to come up with an “NACK” for non-existent DL PDSCH, there is actually a cost beyond generating a HARQ feedback bit: some kind of detection scheme such as one based on correlation with PDSCH DMRS may be used to determine the presence of DL PDSCH; however if the MCS level of the DL SPS PDSCH is low, as the targeted SINR may be low also, then performing correlation with PDSCH DMRS may not be enough. Further processing steps down the demodulation chain may be needed, e.g. LDPC decoding.   

Solutions to reduce DL SPS PDSCH reception and generation of HARQ feedback bits

We can consider the introduction of non-integer periodicity for DL SPS, the root cause of SPS HARQ skipping can be addressed; which avoids un-necessary PDSCH demodulation effort on the UE side for non-existent PDSCH transmission, and also un-necessary PUCCH transmissions for non-existent PDSCH reception and accompanied UL interference.

For example, for traffic with periodicity at 25/3 milliseconds, assume the first DL SPS arrives in slot 0, the slots where the UE receives DL SPS are given by so the mismatch between DL SPS and actual traffic arrival can be avoided. After slot 0, subsequent arrivals can be given by slot  (i.e. slot 9, 17, 25, 34, 42) as shown in Figure 1. 
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Figure 1 DL SPS configuration matched with the traffic's periodicity, SCS at 15 KHz
We can also consider potential jitter in traffic arrival at the network, so the packet arrival at gNB may not be at the nominal arrival time. Then we can use a jitter window enclosing the nominal arrival time to limit occasions where the UE needs to demodulate DL SPS PDSCH and generate HARQ feedback. The larger the jitter window is, the larger the number of SPS PDSCH demodulation is required by the UE; hence the setup of the jitter window size can take into account of factors such as 1) PDCCH overhead reduction due to the use of DL SPS, 2) UE power consumption (DL SPS demodulation),  3) PUCCH overhead due to HARQ feedback and raised uplink interference.
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Figure 2 Jitter window to limit UE demodulation effort and HARQ generation
We have
Observation: If non-integer periodicity for DL SPS can be configured, HARQ feedback overhead can be reduced compared with solutions available in Rel-16.

Proposal 1: Without changing the current SPS configuration design, consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS reception and HARQ generation/feedback.

At RAN1 #103-e, the following was agreed:
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, …

It can be seen the proposed jitter window solutions fits Alt. 1 well, as the NACK skipping is used for SPS PDSCH transmission occasions outside the jitter window, both PDSCH demodulation and HARQ Ack feedback are omitted. We are open to solutions to creating the linkage between the jitter window and SPS configurations, e.g. a single jitter window is applied to multiple SPS configurations. 

Also for another use case, SPS HARQ payload size reduction for non-skipped SPS PDSCH was discussed at RAN1 #103-e, and the following was agreed:   
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

As shown in Figure 2, it may happen there is a single actual  SPS PDSCH transmission within a jitter window, even though multiple SPS PDSCH transmission occasions with multiple SPS configurations are included in the jitter window.  HARQ bundling (Alt. 3) can be used to achieve HARQ payload size reduction. 

In one example, assume there are N (e.g. N=4) SPS PDSCH transmission occasions within a jitter window, a bitmap can be used to represent the reception of a PDSCH over those N SPS transmission occasions, [1000], [0100],[0010], and [0001]. For each occasion, there can be either a successful decoding or a failed decoding, and further the UE may not detect any PDSCH due to poor channel condition and/or high interference, then code states can be used to indicate the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions.  With that, the associated signalling overhead is  bits, which compares favourably with the N bits overhead. We have

Proposal 2: HARQ bundling is supported for non-skipped SPS PDSCHs. With N  SPS PDSCH transmission occasions within a jitter window,  bits are used for code states which include the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions.

Discussion on retransmission of cancelled HARQ Ack feedback
Several cases for cancelled HARQ Ack feedback can be identified:
For high priority HARQ ACK feedback:
· SPS HARQ dropping due to PUCCH collision with DL symbols in TDD;
· Inter-UE prioritization

For low priority HARQ ACK feedback:
· SPS HARQ dropping due to PUCCH collision with DL symbols in TDD;
· Inter-UE prioritization
· Intra-UE prioritization

Type 3 HARQ codebook can be considered for the above 5 use cases. Relevant agreements on Type 3 HARQ codebook are provided in Appendix. As pointed out by companies already, the feedback overhead of Type 3 HARQ codebook can be high. 

Agreements from Rel-16 NR-U concerning Type 3 HARQ codebook are included in Appendix. 

For the Rel-16 NR-U agreement below:
Agreement (5):
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  

The RRC signaling from TS 38.331 is captured below:
Figure 3 RRC configuration for enabling NDI feedback and CBG based HARQ-Ack feedback
PhysicalCellGroupConfig ::= SEQUENCE {
…
pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, -- Need R
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL, -- Need R
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL, -- Need R
…
}












The NDI bit with a HARQ process ID can be also included in the Type 3 HARQ codebook by RRC configuration through pdsch-HARQ-ACK-OneShotFeedbackNDI-r16; for a CC configured with CBG based feedback,  CBG based HARQ Ack feedback or TB based HARQ Ack feedback can be also included in the Type 3 HARQ codebook by RRC configuration through pdsch-HARQ-ACK-OneShotFeedbackCBG-r16. We note the inclusion of the NDI bit can be motivated by avoidance of discrepancy between UE feedback and gNB’s reading on the feedback due to missed PDCCH reception on the UE side. As the inclusion of the NDI bits in the Type 3 HARQ codebook also increase the payload size of UCI, which may adversely impact the reliability of PUCCH reception. The impact of missed PDCCH reception and UCI payload size can vary for eMBB and URLLC traffic, and also for different scenarios, e.g. single CC vs multiple CCs. 

For eMBB, as the required throughput for eMBB can be high, CBG based feedback can be motivated, while CBG based feedback may be less common for URLLC. From that, we can see there may not be a single configuration in terms of NDI feedback and CBG based feedback for eMBB and URLLC. 

In Rel-16 URLLC, physical layer priority for PDSCH is introduced to select the PUCCH for HARQ feedback and also for HARQ codebook construction. If HARQ feedback corresponding to  PDSCHs at one physical layer priority only is included in the feedback, then the payload size of HARQ feedback can be less than that with the Rel-16 Type 3 HARQ feedback. 

Consequently, the configuration of the inclusion of NDI and CBG based HARQ ack/TB based HARQ ack feedback can be separately configured for the high physical layer priority case and for the low physical layer priority case. The following is proposed for the Rel-17 enhancement:


PhysicalCellGroupConfig ::= SEQUENCE {
…
OneShotFeedback-for-LowPriority{
   pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, 
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL,  
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL
}
OneShotFeedback-for-HighPriority {
   pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, 
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL,  
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL
}
…
}

Figure 4 Separate NDI and CBG feedback configuration for physical layer priority trigger


















With the proposed RRC configuration, one shot feedback can be selectively supported when “priority indicator” in DCI 1_1 is 0 and/or 1. The UE behavior for “one-shot HARQ-ACK request” and “priority indicator” is described in the table below.

	One-shot HARQ-ACK request
	Priority indicator
	UE behavior

	0
	0
	One shot HARQ-ACK is not triggered.

	0
	1
	One shot HARQ-ACK is not triggered.

	1
	0
	One shot HARQ-ACK is triggered; HARQ codebook construction is according to pdsch-HARQ-ACK-OneShotFeedback-r16  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 under OneShotFeedback-for-LowPriority;  for UCI multiplexing, the PUCCH transmission is treated as “low physical layer priority”

	1
	1
	One shot HARQ-ACK is triggered; HARQ codebook construction is according to pdsch-HARQ-ACK-OneShotFeedback-r16  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 under OneShotFeedback-for-HighPriority;  for UCI multiplexing, the PUCCH transmission is treated as “high physical layer priority”



It may be also possible that gNB schedules URLLC traffic over a selected CCs, or at least out of consideration on the feedback overhead for one shot feedback, only a selected set of CCs can be included in one shot feedback at a given physical layer priority. For example, the UE is configured with 6 CCs, CCs 1-3 are associated with eMBB traffic, CCs 4-6 are associated with URLLC traffic, then oneshot feedback with low priority includes HARQ ack feedback for CCs 1-3; and  oneshot feedback with high priority includes HARQ ack feedback for CCs 4-6. In another example, oneshot feedback with low priority includes HARQ ack feedback for CCs 1-6; oneshot feedback with high priority includes HARQ ack feedback for CCs 4-6. Still with the same example, note the gNB can actually schedule PDSCHs carrying eMBB data over CCs 1-4, with DCIs with their “priority indicator” set to “0”, but for oneshot HARQ feedback, when “One-shot HARQ-ACK request” = “1”, and “priority indicator” = “0”, only HARQ feedback bits for CCs 1-3 are included to reduce feedback overhead. In another word, the association of a set of CCs with a physical layer priority for oneshot HARQ feedback does not necessarily put a restriction on the freedom of gNB in choosing a CC for transmitting PDSCH carrying eMBB or URLLC data. 

One possible way to achieve further overhead reduction is through partitioning of the HARQ process IDs, e.g. with 16 HARQ process IDs at a CC, 12 IDs (say   ) can be assumed for the code state combination { One-shot HARQ-ACK request = “1”, Priority indicator = “0”}, and 4 IDs (say   ) can be assumed for { One-shot HARQ-ACK request = “1”, Priority indicator = “1”}. Note gNB still has the freedom to use any HARQ process ID for either transmission with low or high physical layer priority. However, if the gNB chooses to limit URLLC traffic with HARQ process IDs in the range {12-15}, then the one shot feedback with { One-shot HARQ-ACK request = “1”, Priority indicator = “1”} reports HAR process IDs 12-15 on the CC rather than for HARQ process IDs 0~15. Note partitioning of HARQ process IDs does not have to be exclusive: it may happen   . We note with dynamic grant PDSCHs, such a restriction should work quite well already. With SPS PDSCHs, as the HARQ process ID with a SPS PDSCH is determined with a formula from TS 38.321, it may be difficult to restrain the HARQ process IDs to a given range or a given subset of {0,1,…,15}. We have 

Proposal 3: to control feedback overhead, the presence of NDI and utilization of CBG based feedback can be separately configured for  code states in the “priority indicator”.

Note for UCI multiplexing, if the PUCCH with {One-shot HARQ-ACK request = “1”, Priority indicator = “0”} is considered to be of low priority, it can be dropped when colliding with a high priority channel. In another word, a retransmission of cancelled HARQ can be cancelled or dropped.

[bookmark: _Toc54340760]Conclusions
In this contribution, we discuss solutions to reduce DL SPS demodulation effort and generation of HARQ feedback bits for DL SPS. We have

[bookmark: _Toc54340761]Observation: If non-integer periodicity for DL SPS can be configured, HARQ feedback overhead can be reduced compared with solutions available in Rel-16.

Proposal 1: Without changing the current SPS configuration design, consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS reception and HARQ generation/feedback.

Proposal 2: HARQ bundling is supported for non-skipped SPS PDSCHs. With N  SPS PDSCH transmission occasions within a jitter window,  bits are used for code states which include the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions.

Proposal 3: to control feedback overhead, the presence of NDI and utilization of CBG based feedback can be separately configured for code states in the “priority indicator”.
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Appendix: Agreements on Type 3 HARQ codebook 

Regarding Type 3 HARQ codebook, which is introduced under NR-U in Rel-16, the following agreements were reached:


Agreement (1):
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback


Agreement (2):
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement (3):
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)


Conclusion (4):
Further enhancements and optimizations for the case where one-shot HARQ ACK feedback and enhanced dynamic HARQ codebook are configured together are not considered.

Agreement (5):
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  

Agreement (6):
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback:
· The feedback can be requested in DL DCI 1_1 with the introduction of 1 bit (present if one-shot HARQ-ACK feedback is configured to the UE) for triggering the feedback 
· UE determines the PUCCH for one-shot HARQ-ACK feedback from K1, PRI, TPC
· FFS: Use of NFI for determining PUCCH
· Note: as per Rel-15 behaviour, the feedback can be piggybacked on PUSCH


Agreement (7):
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.

Agreement (8):
· In the one-shot codebook, the NDI follows the HARQ-ACK information for each TB
· In the one-shot codebook, the ordering of information for HARQ-ACK and NDI is as follows:
· CBG index
· TB index
· HARQ process ID
· Serving cell index
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