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1. [bookmark: _Ref3212576]Introduction
As described in the conclusions of TR 38.825, multiple active configurations of configured grant is a recommended enhancement to satisfy QoS for wireless Ethernet when 5G network serves TSN traffic.
Based on analysis of TSN traffic characteristics, the following enhancements are recommended for specification:
-	Support of provisioning, from Core Network to RAN, of TSN traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL).
-	Support for multiple simultaneous active CG and SPS configurations for a given BWP of a UE.
-	Support for shorter SPS periodicities than the existing ones

In addition, in the agreed RAN1-lead WI on eURLLC ‎[1], it is mentioned to support this feature. 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 

In the paper [2], we discuss the necessary features to support multiple configured grant configuration, while this paper and the other paper [3] discuss MAC impacts.

1. Discussion
In the following, we investigate possible issues that might have further spec impact, e.g., HARQ ID, ConfiguredGrantTimer, and Assembly and Multiplexing Entity. 
1. [bookmark: _Ref3297176]On HARQ Process ID
The current Rel-15 specification calculates the HARQ process ID per configured grant as follows: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

However, the above HARQ process ID decision method cannot be directly applied to configured grants from multiple configured grant configurations, since it leads to a significant limitation on gNB configuration. 
	
Table 1 illustrates the above issue. If single configuration is running HARQ RTT is 14 symbols. However, when considering two configurations into account, the HARQ RTT would only be 4 symbols, which might not be possible to achieve. One solution to solve this issue is to separate the HARQ process pools of the two configurations, i.e., a HARQ process ID offset should be defined per configuration, similar to multiple UL SPS configurations in LTE rel-15. Utilizing such offset is shown in the table in the configuration of the bottom row (Conf.2b).
[bookmark: _Ref4661507]Table 1: Multiple CG configurations with and without HARQ process ID offset.
	Symbol
	0
	4
	7
	11
	14
	18
	21
	25
	28
	HARQ RTT (os)

	Conf.1
Period 7
Procs 2
offset 0
Start 0
	PID0
	-
	PID1
	-
	PID0
	-
	PID1
	-
	PID0
	14 symbols
if only this Conf.

	Conf.2a
Period 7
Procs 2
offset 0
Start 4
	-
	PID0
	-
	PID1
	-
	PID0
	-
	PID1
	-
	4 symbols
(Conflict with Conf.1)

	Conf.2b
Period 7
Procs 2
offset 2
Start 4
	-
	PID2
	-
	PID3
	-
	PID2
	-
	PID3
	-
	14 symbols
(with Conf.1)



[bookmark: _Toc4428037][bookmark: _Toc4428073][bookmark: _Toc4605654][bookmark: _Toc4605670][bookmark: _Toc4607325][bookmark: _Toc4675341][bookmark: _Toc4685729][bookmark: _Toc4701131]Existing mechanism for identifying HARQ Process ID of configured grant is not tailored for active multiple configured grant configurations (with short periodicity) per UE’s BWP. 
Hence, it is essential to separate the configurations’ perspective HARQ PID pools. One solution is to configure an offset associated with each configuration. The solution is logical because it separates the HARQ process pools between different configurations, hence configurations will have independent operations. Such configurable offset should be reflected in the MAC HARQ PID decision equation, and on the RRC ConfiguredGrantConfig element. It can be described as:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset
1. [bookmark: _Toc4427951][bookmark: _Toc4427980][bookmark: _Toc4428009][bookmark: _Toc4496639][bookmark: _Toc4605610][bookmark: _Toc4605673][bookmark: _Toc4607327][bookmark: _Toc4675335][bookmark: _Toc4685730][bookmark: _Toc4585044][bookmark: _Toc4701128]Add a configurable offset per each configured grant configuration in the HARQ process ID calculation rule. 

One further impact is that the definition of a HARQ process configured for a configured uplink grant. In NR rel-15, the configured grant timer is introduced. The ConfiguredGrantTimer is used to prevent a new configured grant transmission of the same HARQ process. The timer only applies to the HARQ process if it is configured for a configured uplink grant.  In Rel-15, with single configuration, it is defined as below: 
	NOTE 2:	A HARQ process is configured for a configured uplink grant if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes.


With multiple configured grants, this needs to be changed to include all the HARQ process IDs defined for multiple configured grant configurations. One proposal can be as follow:
	A HARQ process is configured for a configured uplink grant if the configured uplink grant is activated and the associated HARQ process ID belongs to:
[HARQ-proc-Offset_i , HARQ-proc-Offset_i + 1, ..., HARQ-proc-Offset_i + nrofHARQ-Processes_i - 1 ]
In which HARQ-proc-Offset_i and nrofHARQ-Processes_i  are the parameter for the configuration i.



1. [bookmark: _Toc4605611][bookmark: _Toc4605674][bookmark: _Toc4607328][bookmark: _Toc4675336][bookmark: _Toc4685731][bookmark: _Toc4701129]Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1. 

[bookmark: _Ref4284674]On Configured Grant Timer 
The ConfiguredGrantTimer is used to prevent a new configured grant transmission of the same HARQ process. The timer only applies to the HARQ process if it is configured for a configured uplink grant. This is to allow the network sufficient time to process the previous transmission and (in case of error decoding at gNB) send a re-transmission dynamic UL grant. The way it is specified in the MAC spec is that (see clause 5.4.1 in 38.321): only when the corresponding configuredGrantTimer is not running, the configured grant can be delivered to the HARQ entity for further processing.
[image: ]

In Rel-15, there is one configuredGrantTimer for each HARQ process and the value is same for every HARQ process. 
It is straightforward to keep one timer per HARQ process. Also, as discussed in section ‎2.3, due to HARQ process ID calculation, it is necessary to allocate separate HARQ process pools to different configuration with a configurable parameter harq-procID-offset. With this HARQ process pool separation, there won’t be any issue related with the timer itself, since each timer is associate with a HARQ process.
It is also essential to consider whether we need different configured grant timer value for each configuration. Consider the case that two configurations are intended for two TSN flows. These two flows may have different latency targets, and it makes sense for gNB to process the configured grant from the flow with a relaxed latency target in a relatively lower priority. In this case, a longer configuredGrantTimer can be configured for this flow. Thus, it is beneficial for the gNB scheduler to be able to configure different timer value for different configurations.  
1. [bookmark: _Toc4605612][bookmark: _Toc4605675][bookmark: _Toc4607329][bookmark: _Toc4675337][bookmark: _Toc4685732][bookmark: _Toc4427952][bookmark: _Toc4427981][bookmark: _Toc4428010][bookmark: _Toc4496640][bookmark: _Toc4585045][bookmark: _Toc4701130]Support independent ConfiguredGrantTimer value per configuration. 


1. Conclusion
The following observations have been made:
Observation 1	Existing mechanism for identifying HARQ Process ID of configured grant is not tailored for active multiple configured grant configurations (with short periodicity) per UE’s BWP.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813][bookmark: _GoBack]Based on the discussion above, we propose the following:
Proposal 1	Add a configurable offset per each configured grant configuration in the HARQ process ID calculation rule.
Proposal 2	Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1.
Proposal 3	Support independent ConfiguredGrantTimer value per configuration.
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For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:   1>   if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink  grant  received on the PDCCH for this Serving Cell:   2>   set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;   2>   if the  configuredGrantTimer   for the corresponding HARQ process is not running:   3>   consider the NDI bit for the correspond ing HARQ process to have been toggled;   3>   deliver the configured uplink grant and the associated HARQ information to the HARQ entity.  


