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1 Introduction

Since January ad hoc meeting, RAN1 has been discussing the support of ultra-reliable part of URLLC. One of the identified techniques is to have a separate MCS/CQI design for URLLC. In RAN2#101 meeting, RAN1 status was briefly shared [1] but RAN2 did not have any agreement or conclusion. This contribution will discuss about MAC impact of the separate MCS/CQI design.
2 Discussion
During RAN1#92 in February [2], RAN1 had some discussions on URLLC and a number of agreements were made. In Appendix section, RAN1 agreements on URLLC are listed. They agreed to support two target BLER values for URLLC and the exact values with corresponding MCS/CQI tables will be determined later. This means that RAN1 will support to meet URLLC requirement by adjusting target BLER with robust MCS and separate CQI report. It is noted that this RAN1 work does not assume PDCP duplication which is purely a layer-2 function to support URLLC. 
After all those things are defined, gNB can allocate physical resource for either URLLC or eMBB, which can be differentiated by different target reliability level. Based on this assumption, MAC should think about which data can be included in the allocated resource.

· If the resource is for eMBB, its target BLER is large. This resource (i.e. MAC PDU) assumes several retransmissions which may increase latency and so it should carry only eMBB data or duplicated URLLC data. Normal URLLC data should not be included in the resource. Otherwise, URLLC requirement may not be met. 
·  If the resource is for URLLC, the target BLER is small. This resource (i.e. MAC PDU) should carry normal URLLC data with absolute priority. If there is remaining resource after all URLLC data is included, the other service type can be served. 

Observation 1. URLLC data should be carried by MAC PDU with robust MCS and low target BLER. 
There might be some RAN2 impacts, i.e. RAN2 may define something additional to support the URLLC specific physical resource. 

The first open issue is how MAC knows whether allocated MAC PDU is URLLC-specific or not. In typical scenario, one logical channel serves one type of traffic which is either URLLC-specific or not. Therefore, in case that one MAC PDU is scheduled, MAC should understand which service types (i.e. logical channels) will be served.  Regarding the granularity, we could have two possible options:
· A) Static indication by RRC configuration
RRC configures some specific condition to use URLLC-specific MCS. For instance, one BWP of a cell only applies robust MCS table for URLLC. This case could be simple way to separate URLLC resource and other resources.
· B) Dynamic indication at DCI-level

DCI carries information indicating whether the resource is for URLLC, i.e. robust MCS. Based on the information, which logical channels participates in the scheduling can be determined. In this option, network has full flexibility of URLLC scheduling. The exact configuration by DCI in detail, e.g. DCI contents, different DCI format or other solutions, seems to be up to RAN1. 

Both options seem to be working solutions. However, dynamic indication at DCI level gives the network implementation not to have any restriction for URLLC service. For example, one cell can be used by only URLLC. This means that network is mandated to increase the number of configured carriers according to URLLC support. Also, in RAN1 [2], several papers on URLLC-specific DCI format were submitted and will be discussed before June. In that sense, it seems safer to assume dynamic indication at DCI-level in RAN2 perspective.

Proposal 1. RAN2 should support DCI-level indication if the grant is for URLLC, i.e. robust MCS to meet URLLC requirements.

The next issue is logical channel mapping to URLLC-specific MAC PDU. Once MAC PDU for robust MCS is allocated, only LCHs carrying URLLC data will participate in LCP. It is very similar to LCP restriction in NR which defines 4 parameters for LCP restriction: 1) configured grant type 1, 2) cell, 3) max PUSCH duration, and 4) SCS. So the question is whether those parameters are sufficient to determine MAC PDU carrying URLLC traffic.
It is widely expected URLLC will be using configured grant type 1. Its gain is to reduce time period for initial transmission, i.e. SR with random access, BSR, UL grant allocation and corresponding processing time. However, in case that URLLC traffic is variable-sized and aperiodic, the configured grant type 1 is not efficient, because some resources may not be used or delay requirement may not be met. Also, RAN1 started a discussion on DCI format for URLLC which will service URLLC by dynamic scheduling. 
Observation 2. URLLC data can be served by dynamic scheduling with DCI.

LCH restriction on cell is supported mainly for CA duplication. If UE distinguishes URLLC-specific MAC PDU by cell, one cell or one active BWP is dedicated for URLLC service. In this case, network should configure multiple cell or BWP for only URLLC. Similarly, multiple configured SCSs are also a burden to network implementation. As a result, resource efficiency will be degraded.
One could argue that multiple PUSCH durations for URLLC can be used. However, max PUSCH duration is still not enough since eMBB data can be transmitted on short PUSCH, for example, in case of CBG-based transmission. Moreover, multiple PUSCH durations will increase the complexity of uplink scheduler at gNB. At least during early deployment of NR, network scheduler may not be so optimized for all those new NR feature and basic principle of the scheduler comes from those in LTE. In this perspective, a safer way to support URLLC is to allow dynamic scheduling with different MCSs under one single SCS and PUSCH duration. 
Observation 3. In order to support URLLC specific MCS, current LCH restriction may not be sufficient.

Based on the observations above, we think an LCH restriction parameter one robustness of MCS is necessary.
Proposal 2. An LCH restriction parameter on robustness of MCS should be introduced.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1. RAN2 should support DCI-level indication if the grant is for URLLC, i.e. robust MCS to meet URLLC requirements.

Proposal 2. An LCH restriction parameter on robustness of MCS should be introduced.
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5 Appendix: RAN1#92 Agreements on URLLC in Release 15
Agreements:

The two BLER targets for CQI reporting that are configurable for URLLC are to be down-selected from one of the following options:

· Option A. (10-1, 10-4)

· Option B. (10-1, 10-5)

· Option C. (10-3, 10-5) 

· Option D. (10-2, 10-4)

Companies are encouraged to consider the following when performing evaulations for down-selection of BLER targets for CQI reporting, e.g., 

· Resource efficiency: e.g., number of RE occupied, probability of blocking

· Feasibility of UE producing accurate CQI estimation for CQI reporting. Each company can provide views from their perspective. Assume existing definition of CSI reference resource.

· The distance in SNR (dB) between the two target is sufficient to generate distinct CQI in typical operation.

· UE complexity of being able to generate CQI report for 3 BLER targets  (e.g., Option (C) and (D) in certain cases) vs 2 BLER targets (Option (A) and (B))

· achieved latency

Conclusion:

· Regarding the number of CQI table to define for URLLC, finalize after the two BLER targets values for CQI reporting are agreed

Agreements:

· For new CQI table and MCS table constructed specifically for URLLC, 256QAM is not included.

· Lowest spectral efficiency in any/all CQI table is not lower than 30/1024 * 2 (QPSK)

· Highest spectral efficiency in any/all CQI table is not greater than a value, where the value is selected from one of the following: 

a) 666/1024 * 6

b) 772/1024 * 6

c) 873/1024 * 6

d) 948/1024 * 6 

· Lowest spectral efficiency in any/all MCS table is not lower than 30/1024 * 2.

· Highest spectral efficiency in any/all MCS table is not greater than a value, where the value is selected from the following: 

a) 666/1024 * 6

b) 772/1024 * 6

c) 873/1024 * 6

d) 948/1024 * 6 

Agreements:

· Only single transport block (i.e., a single CW) transmission is supported for URLLC in Rel-15.

Agreements:

· To study the necessity of compact DCI and PDCCH repetition, the following link-level simulation assumptions are provided.

	Parameters
	Value
	Notes

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	

	System bandwidth
	20MHz
	

	Carrier Frequency
	4GHz, 700MHz
	Reported by companies

	Number of symbols for CORESET
	1, 2, 3
	Reported by companies

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	

	Subcarrier spacing
	30KHz, other SCS are not precluded
	Reported by companies

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)

PDCCH repetition study (40bits): 4, 8, 16
	

	Transmission type
	Interleaved
	

	REG bundling size
	6
	

	Modulation 
	QPSK
	

	Channel coding
	Polar code (DCI)
	

	Transmission scheme
	1-port precoder cycling
	

	Channel estimation
	Realistic
	

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz
	

	Residual target BLER 
	10^-5
	Applied to one-shot tx, PDCCH repetition, HARQ, and others

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Compact DCI study: 5th percentile DL geometry

PDCCH Repetition study: look at link curves directly
	


Agreements:

· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified

· UE processing timeline for cancelation

· UE monitoring periodicity

· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)

· reliability of indication

· Any impact due to timing advance

· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified

· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting

· How to signal the eMBB transmission power reduction after UL grant

· UE monitoring periodicity

· Processing timeline

· Feasibility of changing eMBB Tx power during the transmission 

· reliability of indication

· Any impact due to timing advance

· Other options including gNB receiver interference cancelation schemes are not precluded

· Aspects to be included in the study

· Processing timeline for grant-based procedure for URLLC in UL

· Applicability of the options to TDD and/or FDD can be studied

· Cases for GB-based & GF-based
