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1 Introduction

In RAN2#103 meeting, companies propose solutions to solve the issue of colliding configured grant and Msg3 transmission in HARQ process 0, but there is no consensus.
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DISCSUSSION

· The ASUS proposal is to use the CG timer to avoid CG using the harq process when there is a conflict.

· LG think t here may be issues as the solution cover from RAR to contention resolution. 

· Ericsson wonders if the CG timer might be so short that this solution do not always work. ASUStek think it would be unlikely that CG timer is short while K2 is long. 

· LG think that the CG timer shall not be configured artificially for this case, and think there are problems with both long and short configurations. 

· Samsung agrees that the CG timer solution dependency to the CG timer comes with problems

· Nokia could be ok with Samsung proposal.

· QC prefers 1 & 2 below primarily CATT proposal. 

· Oppo wonders if it is always the case that MSG3 is more important than CG, Samsung proposal would be ok. 

· Huawei think that sacrificing one HARQ process for CG is not acceptable. 

· ZTE also support CATT. 

· MTK would be ok with 1 or 3. 

· IDT think 3 is good but 2 is even better (safer). 

· Vivo think 3 from Samsung is not and cannot be supported. 

· Oppo think we can do nothing.

· Ericsson think that the “do nothing” alternative is not good as the network need to adapt CG configuration in strange ways to avoid this. 

1: 
avoid CG usage of harq process 0 by using the CG timer (ASUStek & Co)

2: 
avoid CG usage of HARQ process 0 during RACH or part of the RACH procedure by a text condition (CATT, Ericsson, LG)

3: 
restrict the usage of HARQ processes for CG such that CG doesn’t use HARQ process 0 at all (Samsung Vivo)
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No agreement for a solution
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Noted
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discussion
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Noted
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· CATT think that a difference to the CATT CR is that for bundles, the Ericsson solution addresses the problem for the first grant of the bundle. 

· LG wonders when the condition stops

· Ericsson think that the process is not used for CG during MSG3 transmission, i.e. up to contention resolution. 

· ASUStek think it is important to avoid CG also between RAR and MSG3 transmission. Nokia agrees, as there might be data loss as buffer will be immediately flushed. 

· LG wonders why we restrict only between RAR and MSG3 then. 

· Huawei think we only need to protect MSG3, we don’t need to restrict further. 

Noted

R2-1811912
HARQ process ID collision between message 3 and configured grant
vivo
discussion

Proposal to change the HARQ process ID for RAR. 

· Asustek think this is similar to Samsung proposal and don’t like it. 

· LG think that the Samsung proposal is better compared to vivo. 

· Samsung think this doesn’t resolve the problem. Vivo think that RRC configures the max harq process id for CG and RRC can then avoid collision without changing the formula. 

Noted

R2-1811394
Handling collision between RA Msg3 and CG
Samsung R&D Institute UK
discussion

· Interdigital wonders if this impact the DCI addressing for HARQ process ID. Samsung think this can anyway be controlled by the network.

· Vivo think that we must be able to use all HARQ processes due to R1 agreement. Huawei think this impacts ASN.1

· CATT think that this is same as doing nothing. 

· Intel think the issue is rare. 

Noted




In this paper we analyze the solutions on the table, and suggest to have separate HARQ process IDs for RACH and for configured grant.
2 Discussion

The basic principle is to avoid simultaneous HARQ buffer access from configured grant and Msg3 on UL HARQ process 0.

· Alternative A: allow HARQ buffer sharing between configured grant and Msg3 (dynamic grant) , i.e., through TDM manner

· Method 1: avoid CG usage of HARQ process 0 by using the CG timer (ASUStek & Co)

· Method 2: avoid CG usage of HARQ process 0 during RACH or part of the RACH procedure by a text condition (CATT, Ericsson, LG)

· Alternative B: Do nothing, i.e. up to network implementation
· Alternative C: allocate separate HARQ process for configured grant and Msg3, i.e. no HARQ buffer sharing

· Method 3: restrict the usage of HARQ processes for CG such that CG doesn’t use HARQ process 0 at all (Samsung Vivo)

For alternative A, HARQ buffer sharing between configured grant and Msg3 is done through TDM manner. Besides, in both Method 1 and Method 2, dynamic UL grant for Msg3 has a higher priority than configured grant. We have two observations:
· First, it is not clear whether dynamic UL grant for Msg3 should always have a high priority than configured grant. For example, if RACH is triggered by low-priority LCH data arrival, while configured grant is for URLLC, then the latency performance of URLLC may probably be degraded. However, if RACH is triggered for BFR or for handover, then the rule may be applicable. 
(RAN2 AH NR#3 Agreement)
· =>
The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.
· =>
The spec will be updated to capture this in normative text for UL/DL 

· Secondly, as indicated by companies during online discussion, Method 1 has the problem on the timer length, i.e., if the CG timer length is configured short (especially for URLLC case) and CBRA takes relatively long time, HARQ process collision will happen after CG timer expires. To completely avoid HARQ process collision, the latency of RACH retransmission(s) should be taken into account, which means the value of CG timer should be set quite large. However, an excessively large CG timer will seriously degrades latency and throughput:

· When CG timer is running, configured grant resource will be ignored based on MAC spec. Therefore, the period between available configured grant resources for new transmission will be no less than the CG time. As a result, a large CG timer causes long latency and worse throughput.

· The CG timer is per UL BWP configuration and applies to all HARQ process configured with configured uplink grant of the Serving Cell. It means all the HARQ process configured with configured uplink grant of the Serving Cell will suffer from latency/throughput degradation. 

Observation 1: Prioritizing UL grant for Msg3 over configured grant may degrade the latency performance of URLLC due to long RACH latency.
For alternative B, it is up to network scheduling to avoid HARQ process scheduling. 

· Since network does not know when MAC will initiate RACH procedure and when HARQ process 0 will be occupied by RACH procedure, what network could do is to schedule configured uplink grant not associated with HARQ process ID 0.

·  For instance, for configured grant type 2, the configured UL grant scheduled by the network through PDCCH indicating configured grant Type 2 activation should not be associated with HARQ process ID 0. And for configured grant type 1, network shall not configure configured uplink grant associated with HARQ process ID 0 through RRC signaling.

· In this alternative, there is no MAC spec change needed. However, there is restriction in network scheduling flexibility, i.e. PUSCH resource associated with HARQ process 0 (based on the formula below) cannot be used for configured grant transmission.

	· For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:

· HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes


Observation 2: Leaving to network implementation restricts network scheduling flexibility.
For alternative C, UL HARQ process 0 is not used for configured grant transmission. 
· The drawback of this method as addressed by companies is that there is impact on peak data rate because we reserve HARQ process 0 not for configured grant. However, it makes some sense if we sacrifice some peak data rate to ensure latency performance for all configured grant transmission. Besides, typical data rates for CGs will be much less than eMBB services, so probably the decrease of peak data rate does not harm the throughput of configured grant transmission at all. Moreover, the decrease of peak data rate is not significant:
· Based on RAN1 spec (TS 38.214 v15.2.0), for uplink, 16 HARQ processes per cell is supported by the UE, and based on ASN.1 the number of HARQ process associated with configured grant is from 1 to 16. So, when peak data rate is achieved (all the 16 HARQ process are used for configured grant transmission), the throughput degradation is about 7% only (1/16) in the worst case. 
· Moreover, it seems to be really a corner case when both all configured HARQ process (e.g. 16) are used for transmission and all HARQ process is configured with configured uplink grant. 
	Agreements in RAN1#1801AH:
· The number of HARQ processes for dynamic scheduling of PUSCH is fixed at 16
· Note: some of processes may be used for grant-free operation
Agreements in RAN1#90bis:
· For UL transmission without UL grant, for each configuration 

· The number of configured HARQ processes is explicitly configured by RRC    

· Each configuration can have multiple HARQ processes 

· The value range is {1, 2, …, M}, where M value is FFS


Observation 3: Reserving HARQ process #0 NOT for configured grant will ensure latency performance of configured grant without network scheduling restriction and with only a minor peak data rate degradation in some corner cases.
Based on the discussion above, we prefer Alternative C. About the methods in [1] and [2], we slightly prefer solution from [1], because the proposed solution in [1] explicitly exclude the possibility of HARQ process collision. 
Proposal 1: UL HARQ process ID 0 is not configured for a configured uplink grant.

Proposal 2: If Proposal 1 is adopted, agree the provided CR in [2].
3 Summary

In this paper, we analyze the solutions for HARQ process collision issue on the tables. We have observation below:
Observation 1: Prioritizing UL grant for Msg3 over configured grant may degrade the latency performance of URLLC due to long RACH latency.

Observation 2: Leaving to network implementation restricts network scheduling flexibility. 

Observation 3: Reserving HARQ process #0 NOT for configured grant will ensure latency performance of configured grant without network scheduling restriction and with only a minor peak data rate degradation in some corner cases.

Based on the observation, we have the following proposals:

Proposal 1: UL HARQ process ID 0 is not configured for a configured uplink grant.

Proposal 2: If Proposal 1 is adopted, agree the provided CR in [2].
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