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1 Introduction

HARQ process sharing mechanism was introduced in LTE and inherited to NR. As results of RAN2#100 meeting [1], HARQ process sharing between the configured UL grant and dynamic UL grant was agreed to support in NR.
	Agreements

6.
As in LTE, the pool of HARQ processes are shared between dynamic and configured grants.


However, this HARQ process sharing mechanism does not work properly if skipped uplink transmission is applied. This paper discusses the problem and provides possible solutions. 
In this contribution, we discuss the problem of HARQ process sharing and provide possible solutions.
2 Discussion
2.1 HARQ process sharing in LTE and NR
In LTE, HARQ process of semi-persistent scheduling (SPS) can be scheduled by SPS C-RNTI and C-RNTI. The same mechanism also can be applied to NR, and this assumption is applied in the current TS 38.321 [2]. For the NR, CS-RNTI is used for addressing the configured grant transmission instead of SPS C-RNTI.

The simple example for the HARQ process sharing between the configured scheduling and the C-RNTI scheduling is depicted in Figure 1. 
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Figure 1. HARQ process sharing between configured scheduling and C-RNTI scheduling
Here, it is assumed that the configured grant mapped with HARQ process x occurs every 20ms from the 1st slot, where the “configured scheduling” in Figure 1 means the duration which PUSCH transmissions for the configured grant might occur. In addition, the “C-RNTI scheduling” means the duration from the first PUSCH transmission addressed by C-RNTI having same HARQ process ID with the configured grant, to the next scheduled PUSCH transmissions for the configured grant occurs.
· At slot 1, PUSCH transmission for the configured grant occurs. HARQ operation for configured scheduling in HARQ process x starts. 
· At slot 5, CS-RNTI addressed grant for HARQ process x is received and the corresponding PUSCH retransmission take places.

· At slot 9, C-RNTI addressed grant for HARQ process x is received and the corresponding PUSCH transmission take places. HARQ operation for configured scheduling in process x is terminated and HARQ operation for dynamic C-RNTI scheduling starts.

· At slot 21, PUSCH transmission for configured grant occurs. HARQ operation for dynamic scheduling is terminated and HARQ operation for configured scheduling starts in process x.
2.2 NDI interpretation rule for HARQ process sharing
The HARQ process sharing itself is embedded in the scheduling principle, i.e. new transmission is prioritized over retransmission. However, two set of NDIs need to be maintained (i.e. UE stores the previous NDI used for dynamic scheduling) to enable HARQ process sharing between the configured grant and dynamic grant due to different NDI semantics. This problem was solved in LTE by R2-087075 [3] at RAN2#64 by applying special NDI interpretation for C-RNTI grant toggled if the previous uplink grant was configured uplink grant. This special NDI interpretation have been applied to the specification, and inherited to NR (yellow part of the Table 1).

Table 1. Current statements of TS   38.321 [2]
	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;

2>
deliver the uplink grant and the associated HARQ information to the HARQ entity.


One example of rule for this special NDI interpretation is provided below figure.
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Figure 2. Special NDI rule for C-RNTI grant
According to the rule, NDI of the C-RNTI grant in slot 9 is considered toggled regardless of received NDI. This is because if the C-RNTI grant is received after the configured grant operation it should be new transmission because the C-RNTI grant cannot be used to indicate the retransmission for configured grant.
One problem of above is that the special NDI toggling rule prevent C-RNTI scheduling from continuing even when in-between configured grant is not used due to measurement gap. The problem was solved [4] by limiting the condition so that the special rule is applied only when the configured uplink grant is actually used and delivered to the HARQ entity (green part of the Table 1). Note that uplink grant is not delivered to the HARQ entity if measurement gap prevent the transmission.
One more example of the simplified NDI rule for NR which only applicable if the previous configured grant is really used is shown below.
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Figure 3.  Simplified NDI rule only applicable if the previous configured grant is really used
In the above example, UE compares NDI of C-RNTI in slot 25 with the previous NDI (i.e. in slot 18) if the configured uplink grant in slot 21 is not used. This enables C-RNTI scheduling continues across the unused uplink grants.

The green part of the Table 1 works only for the case where the configured grant is not used due to measurement gap. In NR, skipped uplink transmission is applied to configured uplink grant by default. It means more configured uplink grants will be left unused and the special NDI rule will prevent dynamic C-RNTI scheduling continue after the skipped uplink transmission.
Observation 1: HARQ sharing between configured grant and dynamic grant is supported in LTE and in NR.

Observation 2: A special rule for NDI interpretation is applied for the first dynamic grant after a configured grant.

Observation 3: The rule for NDI interpret is intended to be applied if the configured grant is actually used.

Observation 4: In the current specification (both LTE MAC and NR MAC), the rule is applied to skipped uplink transmission hence dynamic scheduling cannot continue after skipped uplink transmission.
2.3 Solutions for HARQ process sharing with skipped uplink grant
Hence, if we like to continue dynamic scheduling across a skipped uplink grant, we need to update UE behavior accordingly. It seems there are three possible solutions to solve this problem.

1. Solution 1: To amend the relevant text with skipped uplink transmission.

Table 2. Text procedure for Solution 1

	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
2> 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 that triggered a transmission (either new transmission or retransmission):

3>
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI;

2>
deliver the uplink grant and the associated HARQ information to the HARQ entity.


2. Solution 2: To disable HARQ process sharing
The maximum number of HARQ processes is increased as 16 in NR. The usefulness of HARQ process sharing in NR is lower comparing to LTE. Hence just disabling HARQ process sharing can be considered as feasible solution as well. Stage 2 TS can indicate that HARQ process sharing is not allowed in NR. However, it is reverting the agreement RAN2 early made that HARQ process sharing is used in NR if this option is used. The relevant text in 38.321 can be removed as well as shown below.
Table 3. Text procedure for Solution 2

	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>
deliver the uplink grant and the associated HARQ information to the HARQ entity.


3. Solution 3: Take the limitation and leave the specification as it is.

If operators/NW vendors are aware of the limitation of HARQ process sharing, they will not use HARQ process sharing. It is just up to NW implementation whether to apply HARQ process sharing or not.

It is proposed to discuss the issue and agree on one solution. Table 4 summarizes the solutions.

Table 4. Summary of solutions

	
	Pros
	Cons

	Solution 1
	HARQ operation for dynamic scheduling in the HARQ processes configured for configured scheduling can be done with better performance 
	Spec impact (as shown in Table 2)

	Solution 2
	
	Spec impact (as shown in Table 3)
Revert the agreement RAN2 made
That HARQ sharing is not allowed should be captured in e.g. TS 38.300  

	Solution 3
	No spec impact
	HARQ sharing is not as efficient as intended or not used at all

The problem is left unsolved


Proposal 1: RAN2 discuss the issue and select one solution to continue dynamic scheduling across a skipped uplink grant transmission when the HARQ process sharing is used.
3 Conclusion

In this contribution, we provide our view on HARQ process sharing and ask RAN2 to discuss the following observation and proposal:
Observation 1: HARQ sharing between configured grant and dynamic grant is supported in LTE and in NR.

Observation 2: A special rule for NDI interpretation is applied for the first dynamic grant after a configured grant.

Observation 3: The rule for NDI interpret is intended to be applied if the configured grant is actually used.

Observation 4: In the current specification (both LTE MAC and NR MAC), the rule is applied to skipped uplink transmission hence dynamic scheduling cannot continue after skipped uplink transmission.
Proposal 1: RAN2 discuss the issue and select one solution to continue dynamic scheduling across a skipped uplink grant transmission when the HARQ process sharing is used.
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