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1. Introduction

In RAN#80, the study item on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)


In this contribution, we discuss several discussion points regarding enhancement techniques to be studied from RAN1 point of view. 
2. PDCCH enhancements
2.1. PDCCH repetition

In the current specification of 38.214, it has been specified that the UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process. If multiple PDCCH transmissions scheduling the same PDSCH are allowed, and if the UE ignore the following PDCCH transmissions once one PDCCH is successfully decoded, then PDCCH repetition can be realized with small amount of specification efforts. In fact, this operation is quite similar as what is supported in rel-15 LTE URLLC. In the case of PUSCH, it was discussed to re-schedule PUSCH with UL grant received earlier than PUSCH transmission. For instance, if a UE receives the second PDCCH for UL grant with the same RA and HARQ process as the previously scheduled PUSCH, then the PDCCH transmission can be regarded as PDCCH repetition for reliability. On the other hand, if the second PDCCH indicates different RA for the same HARQ process as the previously scheduled PUSCH, then the PDCCH transmission can be regarded as re-scheduling and the UE will cancel the previously scheduled PUSCH. 

Proposal 1: A UE supports the case where multiple PDCCHs schedule the same PDSCH or PUSCH.
· For PDSCH, a UE shall discard PDCCH(s) scheduling PDSCH for previously scheduled HARQ process until the transmission of HARQ-ACK for that HARQ process.

· For PUSCH, a UE shall discard PDCCH(s) scheduling PUSCH for previously scheduled HARQ process with the same resource allocation as that HARQ process until the PUSCH transmission for that HARQ process.
· FFS: UE behavior when UE receives PDCCH scheduling PUSCH for the previously scheduled HARQ process with different resource allocation from that HARQ process.

2.2. Compact DCI

In order to reduce the size of DCI, removing certain field(s) and/or decreasing the number of bits for certain field(s) can be considered, however, which may result in scheduling restriction of PDSCH/PUSCH. Also, if compact DCI is defined and thus it may have different payload size from normal DCI which in turn will induce additional blind decoding attempts, then how to manage blind decoding attempts needs to be carefully investigated. In our understanding, considering the drawbacks and specification efforts of compact DCI, it would be desirable to prioritize PDCCH repetition over compact DCI. 

If compact DCI is to be supported, then several potential options can be further taken into account such as reduction of RA/MCS/RV/HARQ process fields, and more detailed description can be found in [2]. 
Proposal 2: PDCCH repetition can be prioritized over design of compact DCI.

2.3. Increased PDCCH monitoring capability

One consideration point of PDCCH monitoring for URLLC operation would be UE capability on blind decoding. Currently, BD limit per slot per serving cell is defined per numerology. For URLLC, it is expected that TTI with shorter duration is needed to meet the more stringent latency requirement, which implies that monitoring occasion within a slot would be split up to a smaller size and thus more number of monitoring occasions would be configured. Thus, in order to support URLLC operation, the UE would need to support monitoring of more number of PDCCH candidates than BD limits defined in Rel-15 NR. Possibly, UE capability on the number of PDCCH candidates to be monitored can be defined. More specifically, the maximum BD limits per monitoring occasion can be defined or reported with the maximum number of monitoring occasions within a slot, which would prevent excessive increase of UE implementation complexity, otherwise gNB will assume a certain number as the maximum BD limits for a monitoring occasion and then the sum of this number across all monitoring occasions within a slot would be the final BD limits that the UE should be capable of in the end. 
Proposal 3: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
For the support of URLLC operation, it would be necessary to reconsider how to determine priority of monitoring search space sets. For instance, some (or all) of candidates with higher AL in certain USS set(s) can be configured to prioritize over CSS for URLLC operation. 
Proposal 4: A UE can be configured with USS set(s) with higher priority for URLLC. 
Currently, if a UE is configured with more number of non-overlapped CCEs to monitor than channel estimation capability or with more number of candidates to monitor than blind decoding capability, then the UE skips monitoring for candidates of the search space set(s) with higher search space set ID and lower priority of search space type. This may induce scheduling restriction if gNB wants to use a certain search space set for purpose of URLLC. For more flexibility, one possible option would be to map PDCCH candidates to USS sets in a round-robin manner based on search space set index and/or AL and/or candidate index. This will avoid to skip monitoring for whole search space sets with higher ID. 
Proposal 5: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with the following rule: 
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.

· Lower indexed SS set and candidate can be selected first.

· Higher AL can be selected first.
Sometimes, it would be infeasible to map PDCCH candidate with higher AL into CCEs due to lack of resource and/or high UE density. Or, CORESET having such candidate may collide with RMR or SSB. In these cases, the UE shall skip monitoring of such candidate with high AL, which might be undesirable to schedule URLLC service since CORESET with larger BW should be configured in order to avoid such skipping of monitoring but this scheduling might happen rarely/sporadically. Thus, instead of skipping of monitoring such candidate, a UE can be allowed to monitor a candidate if it has larger number of available CCEs than pre-defined threshold. Alternatively, flexible time window for search space set can be taken into account. For instance, if PDCCH candidate(s) with higher AL (or candidate to be protected/not to be skipped) is overlapped with RMR/SSB, then within the time window, the PDCCH candidate(s) can be shifted not to induce skipping of monitoring. Moreover, instead of skipping candidates overlapping with RMR/SSB, rate matching behavior can be considered. 
Proposal 6: Instead of skipping of monitoring PDCCH candidates with higher priority, it can be considered to monitor such candidates with partial available CCEs or to shift search space set/candidates. 
In order to ensure PDCCH reliability, if higher AL candidates are required, then the limit of channel estimations can be a bottleneck. For reducing the channel estimation burden, DMRS transmission irrespective of actual presence of PDCCH candidate can be taken into account. For example, within a CORESET, DMRS transmission can be assumed/configured at the very front symbol(s), and then the rest of candidates in the CORESET would not require further channel estimation rather than the DMRS at the front symbol(s). 
Proposal 7: It is necessary to investigate how to reduce channel estimation (e.g., front-loaded DMRS transmission regardless of presence of PDCCH candidate). 
In Rel-15, there is a limit in terms of the number of DCI sizes supported for C-RNTI. Considering a UE supporting both eMBB and URLLC, this constraint needs further consideration. For example, if a new DCI size is needed for URLLC different from either fallback or non-fallback, a UE’s size budget needs to be increased. Not to increase the size budget, another possibility is to align DCI format for URLLC to either fallback or non-fallback DCI. When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account. 

Proposal 8: When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account.

3. UCI enhancements

According to the current specification, there are some restrictions on PUCCH transmission as follows: 
	· TS 38.213 Section 9.2

· A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of [image: image1.wmf]slot
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 symbols as defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.

· TS 38.213 Section 9.2.3

· A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.


Considering stringent latency and/or reliability requirement(s) for URLLC services, it is of importance to guarantee the flexibility of scheduling, and thus the above restrictions would be harmful for URLLC operation. For instance, HARQ-ACK corresponding to multiple PDSCHs should be multiplexed onto one PUCCH as per the second restriction above, which may deteriorate PUCCH performance due to large HARQ-ACK payload size. In addition, in order to support latency-critical services, multiple PDSCH transmissions having extremely short duration even in a slot would be needed. Even though PUCCH is allowed to be mapped to any symbols in a slot, it would be infeasible for faster back-to-back scheduling and the corresponding feedback in order to meet the latency requirement for URLLC service due to the restriction that a UE is allowed to transmit up to two PUCCHs within a slot. In this context, for supporting URLLC services more flexibly and efficiently, it would be beneficial to relax the above two restrictions on HARQ-ACK feedback and PUCCH transmission.  

Proposal 9: A UE is allowed to transmit up to X PUCCHs on a serving cell in different symbols within a slot.
Proposal 10: A UE is allowed to transmit more than one PUCCH with HARQ-ACK information within a slot.
If the above two restrictions are relaxed, then several issues need to be addressed. Firstly, how to determine HARQ-ACK codebook for each PUCCH transmission within a slot needs to be discussed. Currently, the UE can determine HARQ-ACK codebook for one PUCCH within a slot by taking into account configured set of processing times (k1), PDCCH monitoring occasions, configured set of PDSCH reception occasions (k0), and configured number of CCs/TBs/CBGs. If multiple PUCCH transmissions within a slot is allowed, then some rule would be needed for HARQ-ACK codebook determination of each PUCCH transmission. For instance, the configured set of PDSCH-to-HARQ-ACK processing times (k1) can be grouped into multiple subsets, and then HARQ-ACK codebook will be figured out for each of PUCCH transmission. Secondly, how to determine multiple PUCCH resources within a slot also needs to be resolved. One example would be to configure multiple resources per each state indicated by “PUCCH resource indicator”. If differentiation of eMBB and URLLC in PHY layer is considered, some UCI dropping rule can be taken into account for enhancing PUCCH reliability. For instance, URLLC HARQ-ACK can be prioritized over eMBB HARQ-ACK to keep the UCI payload size for meeting a certain requirement and to protect URLLC UCI as much as possible. 
Proposal 11: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, the following aspects need to be further investigated:
· How to determine HARQ-ACK codebook of multiple PUCCH with HARQ-ACK information within a slot

· How to determine PUCCH resources within a slot
· UCI multiplexing/dropping 
4. Enhancements to scheduling/HARQ/CSI processing timeline

For supporting of lower latency, some enhancement to processing timeline can be considered. For example, symbol-granularity of k1 can be taken into consideration if multiple HARQ-ACK feedbacks via multiple PUCCH transmissions are allowed. 
Another consideration point would be UE capability. Currently, the PDSCH processing capability and PUSCH timing capability are defined for a single carrier, and for each of them, more aggressive UE capabilities (i.e., PDSCH processing capability 2 and PUSCH timing capability 2) are defined. In case of CA with these UE capabilities 2, if the UE shall be capable of the processing time for all carriers, it would be too burdensome in terms of UE implementation, and would be beneficial to define the support of UE capabilities 2 for partial number of carriers. 
Proposal 12: Symbol-granularity of k1 needs to be taken into account. 

Proposal 13: UE capability on the number of carriers to support UE capability 2 is defined.
5. PUSCH enhancements

5.1. Non-slot repetition within a slot
In current specification, TB repetition is only possible when using multiple slots. In other words, a UE can perform only one transmission for the TB in a slot. However, considering dynamic TDD, it is beneficial to adopt repetition of short duration PUSCH with potential partial cancelling/dropping on a subset of repetitions. It would increase resource utilization in dynamic TDD case. In this sense, we propose to adopt non-slot repetition within a slot for URLLC PUSCH.

Proposal 14: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.

To perform non-slot repetition, we can simply think of repeating non-slots side-by-side. Considering limited uplink symbol in dynamic TDD case, it may be efficient way to utilize resources. 

Alternatively, we can consider to define nominal boundary for repetition within a slot. By restricting start symbol and duration and using specific interval for repetitions, we can prevent TO from crossing slot boundary. In addition to this, when we consider co-working with grant-free UE using 2 symbol or 7 symbol periodicity, it has beneficial to make repetition method using 2/7 symbol interval. In other words, this approach is to assume ‘sub-slot’ similar to sTTI structure as in LTE. For example, 2 OS sub-slot structure (e.g., 7 of 2 OS sub-slots in a slot) and 7 OS sub-slot structure (e.g., 2 of 7 OS sub-slots in a slot) can be considered where there is one transmission occasion in a sub-slot. To determine sub-slot size, based on time-domain duration, the smallest sub-slot covering the time-domain resource can be selected. For example, if OFDM symbol 0-1 is used, 2 OS sub-slot can be assumed, and if OFDM symbol 0-3 is used, 7 OS sub-slot can be assumed.
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Figure 1. An example of proposed non-slot repetition method
Proposal 15: For supporting non-slot repetition, the following options can be considered: 

· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot

· Option 2: repeating non-slot PUSCH with certain periodicity

· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 

· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7

· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 

· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]

5.2. Ensuring K times of repetitions with non-slot repetition

For ensuring K times of repetition with non-slot repetition, a main issue is slot-boundary handing. When transmission starts at near end of slot, repetition may need to cross slot boundary to ensure K times transmission. 

As discussed in RAN1#92, it had been discussed already how to handle slot boundary. There were different flavours of contiguous repetition. In creating non-slot transmission occasion (TO) over slot boundary, we can consider the following options. 

· Option 1 is to create TO starting from 1st symbol in next slot. This however may count ‘fixed DL’ as potential TOs. 

· Option 2 is to create TO starting from 1st flexible or fixed UL symbol in next slot. This would exclude fixed DL from counting TOs. 

· Option 3 is to create TO starting from the same starting OFDM symbol of current slot for TO creation in the next slot as well. In other words, this reuses time-domain resource allocation of first TO in previous slot at next slot. As a result of this, UE shall use same symbol as long as possible for each slot. Considering slot-level repetitions of other UE, the last option has benefit in terms of resource utilization. 
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Figure 2 possible options to choose postpone resource
In selecting appropriate behaviour, we need to consider a few aspects as follows: 

· To be aligned with existing slot-based repetition, it is recommended that a UE uses the same time-domain allocation across slots. It would bring benefit in terms of resource utilization. For this, we propose that repetition occurs contiguously within a slot, and the same resource patterns are used across slots (similar to slot-based repetition). 

· Considering DL/UL switching gap, some flexible resource cannot be used practically. If a UE choose 1st flexible UL symbol in a slot having switching point, it shall be unusable.

From the given points, we slightly prefer option 3 to ensuring K time repetition for non-slot repetition. 
Proposal 16: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 

5.3. Dynamic indication of number of repetition K
It would be beneficial to adjust the number of repetition in terms of resource efficiency by channel status of a UE in uplink transmission. In addition, the required number of repetitions is highly related to an amount of resource. For example, if DCI has a field indicating the number of repetition, gNB can reflect the size of allocated resources and channel status in the number of repetitions. Considering that eMBB and URLLC services can be severed simultaneously, dynamic indication may be necessary to keep resource efficiency without RRC signalling overhead. In other word, it has a benefit for supporting multiple services having different requirements.
Proposal 17: For URLLC, the number of repetitions can be indicated by a L1 signalling

6. Conclusions

In this contribution, we discussed several aspects on layer 1 enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:

Proposal 1: A UE supports the case where multiple PDCCHs schedule the same PDSCH or PUSCH.
· For PDSCH, a UE shall discard PDCCH(s) scheduling PDSCH for previously scheduled HARQ process until the transmission of HARQ-ACK for that HARQ process.

· For PUSCH, a UE shall discard PDCCH(s) scheduling PUSCH for previously scheduled HARQ process with the same resource allocation as that HARQ process until the PUSCH transmission for that HARQ process.
· FFS: UE behavior when UE receives PDCCH scheduling PUSCH for the previously scheduled HARQ process with different resource allocation from that HARQ process.

Proposal 2: PDCCH repetition can be prioritized over design of compact DCI.

Proposal 3: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
Proposal 4: A UE can be configured with USS set(s) with higher priority for URLLC. 
Proposal 5: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with the following rule: 
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.

· Lower indexed SS set and candidate can be selected first.

· Higher AL can be selected first.

Proposal 6: Instead of skipping of monitoring PDCCH candidates with higher priority, it can be considered to monitor such candidates with partial available CCEs or to shift search space set/candidates. 
Proposal 7: It is necessary to investigate how to reduce channel estimation (e.g., front-loaded DMRS transmission regardless of presence of PDCCH candidate). 
Proposal 8: When designing a DCI format for URLLC, considerations on UE limit on DCI sizes should be also taken into account.

Proposal 9: A UE is allowed to transmit up to X PUCCHs on a serving cell in different symbols within a slot.
Proposal 10: A UE is allowed to transmit more than one PUCCH with HARQ-ACK information within a slot.
Proposal 11: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, the following aspects need to be further investigated:
· How to determine HARQ-ACK codebook of multiple PUCCH with HARQ-ACK information within a slot

· How to determine PUCCH resources within a slot
· UCI multiplexing/dropping 
Proposal 12: Symbol-granularity of k1 needs to be taken into account. 

Proposal 13: UE capability on the number of carriers to support UE capability 2 is defined.
Proposal 14: For URLLC PUSCH transmission, non-slot PUSCH repetition within a slot should be supported.

Proposal 15: For supporting non-slot repetition, the following options can be considered: 

· Option 1: repeating non-slot PUSCH over consecutive symbol in a slot

· Option 2: repeating non-slot PUSCH with certain periodicity

· 1 and 2 symbol non-slot scheduling shall be repeated with 2 symbol periodicity 

· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7

· From 3 to 7 symbol non-slot scheduling shall be repeated with 7 symbol periodicity 

· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]

Proposal 16: For non-slot repetition across slots, the same time-domain resource allocation is assumed for the first transmission occasion in each slot. 

Proposal 17: For URLLC, the number of repetitions can be indicated by a L1 signalling
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