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[bookmark: _Toc517365966]Introduction
[bookmark: _GoBack]In RAN2#103, a conflict of using HARQ process 0 between Msg3 PUSCH and data transmission using a configured grant was discussed, but there was no agreement. This paper tries to highlight the impact if this problem is not solved and analyses the feasibility of the candidate solutions from RAN2#103. 
[bookmark: _Ref178064866][bookmark: _Toc517365967]Discussion
During random access procedure, HARQ transmission is supported for Msg3. However, in NR, the random access procedure may be triggered for a UE when configured scheduling is activated for the UE. A HARQ process (e.g. HARQ process 0), can be subject for configured scheduling, but also for Msg3 transmission.  In RAN2#103, this problem has been identified and the following 4 options were discussed:
-	Option 1: 	avoid CG usage of HARQ process 0 by using the CG timer 
-	Option 2: 	avoid CG usage of HARQ process 0 during RACH or part of the RACH procedure by a text condition
-	Option 3: 	restrict the usage of HARQ processes for CG such that CG doesn’t use HARQ process 0 at all
There is also a proposal to do nothing for this issue, which is listed as option 4 below:
-	Option 4:	do nothing
Below we analyze the pros and cons for each option above.
Feasibility of Option 1
For Option 1, the configuredGrantTimer is used to protect the HARQ procedure, i.e. the configuredGrantTimer is started or restarted upon the transmission or retransmission of Msg3 PUSCH.  
[bookmark: _Toc517265049][bookmark: _Ref491458133][bookmark: _Ref491451297][bookmark: _Ref491451294][bookmark: _Ref491451293][bookmark: _Ref491451292][bookmark: _Ref491451291][bookmark: _Ref491451289][bookmark: _Ref491444649]In Section 8.2 of in 3GPP TS 38.213, the entry to identify the time resource allocation for Msg3 PUSCH is indicated using a 4-bit field “Msg3 PUSCH time resource allocation” in the UL grant (Table 8.2-1 in 3GPP TS 38.213). Furthermore, the UE determines the time resource allocation parameters by looking up the time resource allocation table which is determined according to details in the same section. 
Herein, the UE shall rely on the default time allocation table to determine the Msg 3 PUSCH preparation time. K2 is here denoted as the PUSCH preparation time which in turn depends on the subcarrier spacing for Msg3 PUSCH. According to the default time allocation table, the maximum value of K2 can be up to 6 slots.  
After reception and decoding of Msg3 on PUSCH signal from a UE the gNB, if a decoding error is determined for Msg3 decoding, may generate a retransmission for Msg3. Upon reception of the Msg 3 retransmission grant, the UE needs again K2 slots to prepare the Msg3 PUSCH retransmission. In such condition, the HARQ round trip time for Msg3, which is the sum of these time budgets, can be quite a few slots.
[bookmark: _Toc525034261][bookmark: _Toc525846335]The HARQ round trip time for Msg3 PUSCH can be several slots according to RAN1 specification.
With the above, and considering that even if the configuredGrantTimer is started/restarted upon Msg 3 transmission, the timer may expire before the retransmission fo Msg3 have been performed. This is especially true when a small initial value is configured for configuredGrantTimer.
This means that the HARQ procedure protection mechanism based on configuredGrantTimer is not enough the protect the HARQ procedure for Msg3.  Figure 1 shows one such example.

[image: ]
[bookmark: _Ref521504050]Figure 1 HARQ procedure of Msg3 PUSCH is broken by PUSCH transmission using a configured grant
[bookmark: _Toc525034263][bookmark: _Toc525846336]When a small initial value is configured for configuredGrantTimer, starting/restarting configuredGrantTimer upon Msg3 PUSCH TX is not enough to protect the Msg3 HARQ procedure.
Based on the above discussion, we can conclude the following:
[bookmark: _Toc525034264][bookmark: _Toc525846337]Option 1 is not sufficient to solve the HARQ process conflict problem between Msg3 and data transmission using a configured grant.
[bookmark: _Ref525033812]Feasibility of Option 4
Before discussing Option 2 and 3, we discuss the feasibility of ‘Do nothing’, which tries to avoid a MAC protocol change. The conditions in which the conflict of HARQ process 0 between Msg3 transmission and PUSCH transmission using a configured grant may occur:
-	Condition 1: for a UE, the configured grant is activated and there is no valid PUCCH resource for SR transmission or the maximum number of SR transmissions is reached; or
-	Condition 2: for a UE, the configured grant is activated, beam failure occurs but no dedicated PRACH resource has been reserved for beam failure recovery.
[bookmark: _Toc524962318][bookmark: _Toc524962319][bookmark: _Toc524962320]We can observe that if no solution is adopted,  either contention resolution failure increases due to the HARQ procedure of Msg3 may be broken by a PUSCH transmission using a configured grant during RACH-SR procedure, or during contention based RA procedure for beam failure recovery.
Upon contention resolution failure occurrence, PRACH retransmission occurs according to the following procedure (Section 5.1.5, 38.321):
1>	if the Contention Resolution is considered not successful:
2>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	indicate a Random Access problem to upper layers.
3>	if this Random Access procedure was triggered for SI request:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if the Random Access procedure is not completed:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	delay the subsequent Random Access Preamble transmission by the backoff time;
3>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
[bookmark: _Toc524962321]From the defined procedure above, one can note that upon contention resolution failure due to the HARQ procedure conflict of Msg 3, there are the following negative impacts:
[bookmark: _Toc524962322]a.	Additional PRACH retransmission with boosted transmit power; and,
[bookmark: _Toc524962323]b.	Delay increase due to the PRACH retransmission procedure (e.g. random backoff); and,
c.	Risk increase of radio link failure.
For eMBB service, the additional delay for RACH-SR or BFR procedure may be endurable though the user experience may be impacted. However, for a UE with ongoing URLLC service, the RACH procedure should be as short as possible in order to minimize the service interruption. 
[bookmark: _Toc525846338]For a UE with ongoing URLLC/VoIP service, degradation of RACH procedure performance is unendurable. 
Based on the above discussion in this section, we can conclude the following proposal:
1. [bookmark: _Toc525845259]The HARQ process conflict between Msg3 and configured scheduling should be solved in Rel-15, i.e. Option 4 should be avoided.
Feasibility of Option 3
For this option, HARQ process 0 is not used for configured scheduling, i.e. HARQ process 0 can only be used for dynamic scheduling irrespective of the RACH procedure. However, when a UE is equipped with only a few HARQ processes, exclusion of HARQ process 0 means a limitation to system operation that may limit the usefulness of advanced scheduling schemes.
For example, for unlicensed operation, channel assessment based on listen-before-talk (LBT) is performed before the start of the transmission to determine the channel availability. If the received power on the channel is lower than a preconfigured threshold, the channel is determined to be available for transmission. In order to avoid losing the channel due to the long duration between SR transmissions to receiving an UL grant for the PUSCH transmission, configured scheduling is used. 
In LTE LAA, autonomous uplink transmission, there are multiple transmission opportunities in each cycle in order to conquer LBT failure (i.e. channel not available). Figure 2 exemplifies one example where there are 8 transmission opportunities per cycle. According to this example, 8 HARQ processes are required in order to maximize the resource usage. If the UE only has 8 HARQ processes and 1 HARQ process is excluded for configured scheduling, it results in a performance loss of 12.5% (i.e. 1/8). 
[image: ]
[bookmark: _Ref525032758]Figure 2 required for configured scheduling with multiple transmission opportunities per cycle
[bookmark: _Toc525846339]For configured scheduling in unlicensed operation, many HARQ processes are needed in order to maximize the channel occupation. Excluding HARQ process 0 for configured scheduling results in unacceptable performance loss.
[bookmark: _Toc517365968]Feasibility of Option 2
For this option, HARQ process 0 is not used for configured scheduling during the whole or part of the RA procedure, while HARQ process 0 can still be used for configured scheduling outside of RA procedure. The impact on configured scheduling for unlicensed operation or other scheduling schemes to reach an efficient resource efficiency, are also avoided.
[bookmark: _Toc525846340]Compared to Option 3, Option 2 avoids the aforementioned respective negative impacts of Option 1, 3 and 4.
Based on the above discussion, we can conclude that Option 2 is feasible solution.
[bookmark: _Toc525845260]RAN2 adopts Option 2.
[bookmark: _Toc525034283][bookmark: _Toc525034351][bookmark: _Toc525034533][bookmark: _Toc525725890][bookmark: _Toc525805665][bookmark: _Toc525034284][bookmark: _Toc525034352][bookmark: _Toc525034534][bookmark: _Toc525725891][bookmark: _Toc525805666][bookmark: _Toc525034285][bookmark: _Toc525034353][bookmark: _Toc525034535][bookmark: _Toc525725892][bookmark: _Toc525805667][bookmark: _Toc525034286][bookmark: _Toc525034354][bookmark: _Toc525034536][bookmark: _Toc525725893][bookmark: _Toc525805668][bookmark: _Toc525034287][bookmark: _Toc525034355][bookmark: _Toc525034537][bookmark: _Toc525725894][bookmark: _Toc525805669][bookmark: _Toc525034288][bookmark: _Toc525034356][bookmark: _Toc525034538][bookmark: _Toc525725895][bookmark: _Toc525805670][bookmark: _Toc525034289][bookmark: _Toc525034357][bookmark: _Toc525034539][bookmark: _Toc525725896][bookmark: _Toc525805671][bookmark: _Toc525034290][bookmark: _Toc525034358][bookmark: _Toc525034540][bookmark: _Toc525725897][bookmark: _Toc525805672][bookmark: _Toc525034291][bookmark: _Toc525034359][bookmark: _Toc525034541][bookmark: _Toc525725898][bookmark: _Toc525805673][bookmark: _Toc525034292][bookmark: _Toc525034360][bookmark: _Toc525034542][bookmark: _Toc525725899][bookmark: _Toc525805674][bookmark: _Toc516582804][bookmark: _Toc525034293][bookmark: _Toc525034361][bookmark: _Toc525034543][bookmark: _Toc525725900][bookmark: _Toc525805675][bookmark: _Toc525034294][bookmark: _Toc525034362][bookmark: _Toc525034544][bookmark: _Toc525725901][bookmark: _Toc525805676]A CR for capturing option 2 can be found in [1].
Conclusion
In section 2 we made the following observations:

Observation 1	The HARQ round trip time for Msg3 PUSCH can be several slots according to RAN1 specification.
Observation 2	When a small initial value is configured for configuredGrantTimer, starting/restarting configuredGrantTimer upon Msg3 PUSCH TX is not enough to protect the Msg3 HARQ procedure.
Observation 3	Option 1 is not sufficient to solve the HARQ process conflict problem between Msg3 and data transmission using a configured grant.
Observation 4	For a UE with ongoing URLLC/VoIP service, degradation of RACH procedure performance is unendurable.
Observation 5	For configured scheduling in unlicensed operation, many HARQ processes are needed in order to maximize the channel occupation. Excluding HARQ process 0 for configured scheduling results in unacceptable performance loss.
Observation 6	Compared to Option 3, Option 2 avoids the aforementioned respective negative impacts of Option 1, 3 and 4.

Based on the discussion in section 2 we propose the following:
Proposal 1	The HARQ process conflict between Msg3 and configured scheduling should be solved in Rel-15, i.e. Option 4 should be avoided.
Proposal 2	RAN2 adopts Option 2.
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