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1. Introduction
In RAN2#AH 1807 meeting [1], issues on HARQ process #0 occupied by configured grant colliding with Msg3 HARQ process were discussed [2]. In this document, the remaining issues are analysed and solutions are also provided.
2	Discussion
2.1	New Tx HP #0 of Configured Grant Colliding with New Tx HP of Msg3
In NR, it is specified in 38.321 that, for UL transmissions scheduled by RAR, i.e. Msg3, the HARQ process ID 0 is used. And for configured grant, since the HARQ process ID is calculated based on modulus operation, HARQ process ID 0 may also be used. Therefore, HARQ process ID #0 may collide between Msg3 and configured grant.
In one case mentioned in [2], there is one configured grant of HARQ process #0 between RAR and corresponding Msg3 transmission. The claimed error case is that the Msg3 can be erroneously multiplexed into the configured grant of HARQ process #0, thus resulting in this RA attempt to fail.


Figure 1 Configured Grant for HP#0 Colliding with Msg3 HARQ Process
However, according to the specification, the MAC PDU is obtained from Msg3 buffer on the condition that the uplink grant was received in RAR (highlighted in yellow below [38.321]). Therefore, at time t1 in Figure 1, Msg3 will not be multiplexed into the configured grant of HARQ process #0.
======================================================================================
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
======================================================================================
Observation 1: Msg3 will not be multiplexed into the configured grant because it is not received in a RAR at t1.
At time t2, the dynamic grant will override the configured grant (if any) and a new transmission will be performed at t2 (highlighted in grey colour below). Therefore, Msg3 will be multiplexed into the grant received in RAR (highlighted in green colour above).
======================================================================================
Section 5.4.1 in 38.321
1>	if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or
1>	if an uplink grant has been received in a Random Access Response:
2>	if the uplink grant is for MAC entity's C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity's CS-RNTI or a configured uplink grant:
3>	consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
======================================================================================
Observation 2: Msg3 will be multiplexed into the uplink grant received in RAR at t2.
From the observations above, it can be seen that:
Observation 3: There is no issue with HARQ process #0 being used for configured grant and Msg3 (no grant mis-use).
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2.2	ReTx HP#0 of Configured Grant Overriding Msg3 ReTx
As mentioned in [2], the error case which is shown in Figure 2 can be described as:
· At time t1, the UE transmits Msg3 for the first time. And the HARQ process stores the MAC PDU for Msg3 in HARQ process #0 buffer.
· At time t2, comes the UL configured grant. The NDI is toggled since the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant and the configuredGrantTimer for the correponding HARQ progress is likely to have expired since last CG transmission. Therefore this is new transmission for the configured grant and MAC PDU is obtained from the Multiplexing and Assembly entity. If the HARQ process for configured grant is 0, HARQ process #0 stores the (new) MAC PDU in HARQ process #0 buffer and therefore erases the previously stored MAC PDU for Msg3 in HARQ process #0 buffer.
· At time t3, comes the UL grant (to T-C-RNTI) for retransmission of Msg3. The HARQ entity will now instruct the identified HARQ process to trigger a retransmission. However, the HARQ buffer can only find the MAC PDU from the MAC PDU for the configured grant in the HARQ buffer since the MAC PDU for Msg3 has been erased. Then, error case happens.


Figure 2 Msg3 ReTx Colliding with HP#0 ReTx of Configured Grant
There are two solutions to address this issue.
Solution 1: ConfiugredGrantTimer is applied for uplink grant in RAR [2]
In this solution, the configuredGrantTimer is started/restarted when uplink grant in RAR is received or when the corresponding transmission occurs, as illustrated in Figure 3.


Figure 3 configuredGrantTimer is started/ restarted when RAR is received or Msg3 is sent
The value for configuredGrantTimer is counted as integer from 1 to 64 in number of periodicities. The minumum of the periodicity is 2 symbols [3]. There is one risk that the configuredGrantTimer expires and the MAC PDU for configured grant is still obtained and transmitted as shown in Figure 4.


Figure 4 Error Case still occurs if the value of the configuredGrantTimer is small in Solution 1
Observation 4: Error case still occurs if the value of the configuredGrantTimer is small in solution 1.
Solution 2: Add a condition for obtaining the MAC PDU from the Multiplexing and assembly entity.
In one approach, it could be forbidden to obtain the MAC PDU when the HARQ process ID of the configured grant is 0 and there is some pending Msg3 in Msg3 buffer. However, Msg3 buffer is flushed only when RA is initiated and at MAC reset. It will not be emptied even after the RA procedure has been completed. Therefore, it can not solve the problem raised in issue 2. A better restriction is to forbid obtaining the MAC PDU when the HARQ process ID of the configured grant is 0 and the ra-ContentionResolutionTimer is running. Indeed, ra-ContentionResolutionTimer is started when Msg3 is transmitted and stopped when the RA is successful or it expires when no corresponding Msg4 is received. Hence it works for one RA attempt and can be used to fix the issue.
======================================================================================
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else if the uplink grant is a configured uplink grant on HARQ process 0 and ra-ContentionResolutionTimer is running:
4>	skip the UL grant;
3>	else::
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
======================================================================================
Proposal: HARQ entity procedure shall check whether ra-ContentionResolutionTimer is running when MAC PDU is obtained for configured grant of HARQ process ID 0.
3	Conclusion
In this document, we analyzed the issues raised in last meeting regarding the configured grant operation on HARQ process 0 during RA procedure. Observations are found below:
Observation 1: Msg3 will not be multiplexed into the configured grant because it is not received in a RAR at t1.
Observation 2: Msg3 will be multiplexed into the uplink grant received in RAR at t2.
Observation 3: There is no issue with HARQ process #0 being used for configured grant and Msg3 (no grant mis-use).
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[bookmark: _GoBack]Observation 4: Error case still occurs if the value of the configuredGrantTimer is small in solution 1.
And we propose that:
Proposal: HARQ entity procedure shall check whether ra-ContentionResolutionTimer is running when MAC PDU is obtained for configured grant of HARQ process ID 0.
We provide a corresponding CR in [4].
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