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1. Introduction

In RAN#81, the updated study item description 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)
The following items have been identified to have relationship with URLLC but are covered in other study items and will not be studied as part of this SI:

· Multi-TRP transmission 

· Mobility improvements for higher reliability

· Beam Management

· Time Sensitive Networking related enhancements

· UL/DL intra-UE prioritization/multiplexing


In this contribution, we discuss several consideration points regarding UCI enhancement techniques to be studied from RAN1 point of view. 
2. 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. One consideration point is that these HARQ-ACK/PUCCH enhancements are mandatory or up to UE capability. Considering that URLLC operation is supported not by all rel-16 UEs but typically by advanced UEs (e.g., with UE processing capability#2 or with further aggressive UE capability if defined), these operations also can be applied to such the advanced UEs.
Proposal 1: It can be considered that a UE is allowed to transmit more than two PUCCHs on a serving cell in different symbols within a slot.
Proposal 2: It can be considered that 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, a set of PDSCHs can be grouped corresponding to HARQ-ACK feedback on a PUCCH, and an indication on which group the PDSCH belongs to can be provided to the UE via DCI scheduling the PDSCH. A UL slot can be partitioned into multiple subslots/mini-slots and subslot/mini-slot granularity of PDSCH-to-HARQ-ACK processing time (i.e., finer k1) can be indicated. 

Proposal 3: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, how to determine HARQ-ACK codebook of multiple PUCCH with HARQ-ACK information within a slot needs to be further investigated.
Also, one discussion point would be collision handling of multiple HARQ-ACK transmissions in a slot with PUSCH. In rel-15, simultaneous transmission of PUSCH and PUCCH is not supported. To deal with complicated situation, allowing simultaneous transmission of PUSCH and PUCCH can be revisited. In this case, how to handle power-limited case needs to be discussed. For instance, channel with more stringent BLER requirement needs to be prioritized, and the power of channel with less stringent BLER requirement is firstly reduced until the total transmit power does not exceed Pcmax. If a UE is not capable of (or not configured with) simultaneous transmission of PUSCH and PUCCH, then how to piggyback multiple HARQ-ACK onto PUSCH needs to be figured out. If there is no sufficient time for multiplexing of HARQ-ACK and UL data, rather than dropping HARQ-ACK, it would be beneficial to give another chance to piggyback onto the earliest “possible” PUSCH in terms of UE processing time.  
Proposal 4: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, collision of multiple PUCCH transmissions and PUSCH needs to be further studied. 
If differentiation of eMBB and URLLC in PHY layer is considered, the following aspects can be further discussed.

· eMBB UCI onto URLLC PUSCH: In this case, beta offset and/or alpha adjustment can be considered. Especially, beta offset smaller than 1.0 needs to be defined to protect URLLC UL-SCH. Alternatively, dropping/bundling of eMBB UCI can be taken into consideration. 

· URLLC UCI onto eMBB PUSCH: Similarly, beta offset and/or alpha adjustment can be considered. If the effective coding rate of UL-SCH becomes too high due to high beta offset for UCI, then dropping of eMBB UCI (i.e., lower priority UCI) can be also considered. Alternatively, dropping/puncturing of eMBB PUSCH can be taken into account for guaranteeing the reliability of URLLC UCI. 
· Collision between eMBB HARQ and URLLC HARQ: Dropping eMBB HARQ can be considered. The maximum allowable coding rate can be independently configured for eMBB HARQ and URLLC HARQ, and the final payload can be adjusted by suppressing eMBB HARQ or enlarging URLLC HARQ when mixed up with using the rate for URLLC. Alternatively, separate PUCCH resource between eMBB HARQ and URLLC HARQ can be considered. Accordingly, separate power control can be envisioned. In case these UCIs are carried via PUSCH, separate beta offset configuration can be also taken into account.  
Proposal 5: If differentiation of eMBB and URLLC in PHY layer is supported, UCI multiplexing needs to be further studied. 
For CSI enhancement, some enhanced reporting/measurement mechanisms have been discussed. Considering UL traffic is not always in buffer, UL grant based A-CSI triggering without UL-SCH could be inefficient especially when PDCCH capacity is not enough. In this case, CSI triggering by DL assignment DCI can be considered. However, this also requires additional DCI overhead for CSI triggering which is not present in current signaling. Moreover, new measurement framework needs to be studied and specified, but how beneficial it is questionable compared with relying on the existing framework. In this context, further study is needed on the benefit/necessity of A-CSI triggering by DL DCI. If A-CSI is triggered by DL DCI and thereby is transmitted on PUCCH, the overall performance of the PUCCH transmission might be impacted due to payload increase, and also some further resource reservation could be required. In this sense, how to manage resource needs to be further studied when such mechanism is applied. 

3. Conclusions

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

Proposal 1: It can be considered that a UE is allowed to transmit more than two PUCCHs on a serving cell in different symbols within a slot.
Proposal 2: It can be considered that a UE is allowed to transmit more than one PUCCH with HARQ-ACK information within a slot.
Proposal 3: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, how to determine HARQ-ACK codebook of multiple PUCCH with HARQ-ACK information within a slot needs to be further investigated.
Proposal 4: If NR supports multiple PUCCH transmissions with HARQ-ACK feedback, collision of multiple PUCCH transmissions and PUSCH needs to be further studied. 
Proposal 5: If differentiation of eMBB and URLLC in PHY layer is supported, UCI multiplexing needs to be further studied. 
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