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Introduction
As described in the conclusions of TR 38.825 multiple active configurations of configured grant are 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.

As a result of a study, the following specification is mentioned in the approved eURLLC WI [1]. 
	· [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 further impacts on MAC and relevant enhancements. In particular, we discuss the issues related with the confirmation MAC CE design, when there are multiple active configured grant (CG) configurations (conf.) for a given BWP of a UE.
[bookmark: _Ref178064866][bookmark: _Toc524946176]Discussion
The UE triggers a configured grant confirmation MAC CE whenever a PDCCH activation/deactivation command is received. The motivation is that, upon configured grant activation/deactivation, the UE may skip the UL grant instead of sending padding, so that the gNB may not be able to figure out whether the UE successfully received the activation/deactivation command. Current specification (TS 38.321 subclause 6.1.3.7) considers a fixed size, zero-bit configured grant confirmation MAC CE. 
An issue already exists in the case that multiple configured grant configurations are supported on different cells as in NR Rel-15. The zero-bit MAC CE would be ambiguous since it would not be clear for which UL configured grant configuration the UE sent this confirmation MAC CE, especially given that the MAC CE can be sent on any serving cell, as shown in Figure 1.
[image: ]
[bookmark: _Ref4084758][bookmark: _Ref4084755]Figure 1 Example of ambiguity due to send confirmation over any serving cell.
1. [bookmark: _Toc4608834][bookmark: _Toc4608868][bookmark: _Toc4673494]As defined in Rel-15, the zero-bit confirmation MAC CE might be ambiguous, since it is not clear which UL configured grant configuration the UE confirms.

One solution to solve this issue is that gNB can activate/deactivate the UL configured grant configuration in the different cells one by one, i.e. a new PDCCH activation/deactivation command is sent upon reception of the confirmation MAC CE for the previous UL configured grant activation/deactivation. However, this has the following drawbacks:
· More signalling to be sent over the air, both in terms of number of PDCCH activation/deactivation commands and confirmation MAC CE;
· UL configured grant activation/release efficiency would be affected, both in terms of latency and resource utilization, since the gNB can only activate or release one single UL configured grant configuration at a time. 
Additionally, the main motivation for multiple simultaneous active CG and SPS configurations for a given BWP of a UE is to support multiple periodic TSN flows. Most likely these flows will be active simultaneously after the schedule computation when integrated with TSN controller and it requires gNB to allocate the CG resources at the same time. However, with zero-bit confirmation MAC CE, the network can only activate each configuration one by one after receiving the confirmation MAC CE from a previous configuration. Further, this seems to be contradictory to the agreement that RAN2 prefer to use 5G system as a black box when integrated to TSN.
1. [bookmark: _Toc4084598][bookmark: _Toc4084618][bookmark: _Toc4084625][bookmark: _Toc4084637][bookmark: _Toc4084669][bookmark: _Toc4084728][bookmark: _Toc4084776][bookmark: _Toc4412060][bookmark: _Toc4608835][bookmark: _Toc4608869][bookmark: _Toc4673495]As defined in Rel-15, the zero-bit configured grant (CG) confirmation MAC CE cannot cope with a simultaneous activation requirement of multiple CG.

Another solution is inspired by LTE’s LAA AUL’s multi-bit activation/deactivation MAC CE confirmation (as shown below). Such solution would be to use multi-bit CG MAC CE to support confirmation of activation/deactivation of multiple CG configurations in different cells. This solution alleviates the delay and high number of signalling issue appeared in the previous solution.
Similarly to LTE’s multi-bit AUL confirmation MAC CE, we can design a MAC CE that accommodate a binary digit to confirm activation and deactivation, not only for each and all serving cells but also for configurations within each and all BWPs. Given a 1 octet confirmation byte can support simultaneous confirmation for 7 cells, each of this cell can be ‘n’ BWP. Assume a maximum of M configurations per BWP, then we will need around 7 * M * n bit for MAC CE confirmation.AUL confirmation MAC Control Element in LTE TS 36.321:



Figure 6.1.3.16-1: AUL confirmation MAC Control Element of one octet


Figure 6.1.3.16-2: AUL confirmation MAC Control Element of four octets

[bookmark: _Toc4084601][bookmark: _Toc4084621][bookmark: _Toc4084628]However, it seems that there is a large overhead associated with this multi-bit MAC CE.
[bookmark: _Toc4084602][bookmark: _Toc4084622][bookmark: _Toc4084629][bookmark: _Toc4084639][bookmark: _Toc4084671][bookmark: _Toc4084730][bookmark: _Toc4084778][bookmark: _Toc4412062][bookmark: _Toc4608836][bookmark: _Toc4608870][bookmark: _Toc4673496]A multi-bit activation/deactivation confirmation MAC CE can enable simultaneous activation of multiple configuration, but it has a considerably large signalling overhead. 

[bookmark: _Hlk4602837]Another alternative solution is to perform a “self-cell contained” confirmation MAC CE transmission without MAC CE format change. This solution solves the high overhead MAC CE introduced in previous solution. This alternative requires the UE to send the confirmation MAC CE on the same resources in which the corresponding configured grant is activated/deactivated. 
In here, upon reception of the confirmation MAC CE from PUSCH in a serving cell, the gNB can determine PDCCH to have been successfully received by the UE. Figure 2 shows one example on the above-mentioned argument.
[image: ]
Figure 3 self-cell (or self BWP) contained confirmation MAC CE transmission
Besides the benefit of not needing a new MAC CE, this zero-bit MAC CE has no payload size (i.e., much smaller than the payload size in multi-bit MAC CE) and hence may be transmitted more efficiently or robustly. ..
[bookmark: _Toc4608837][bookmark: _Toc4608871][bookmark: _Toc4084604][bookmark: _Toc4084624][bookmark: _Toc4084631][bookmark: _Toc4084641][bookmark: _Toc4084673][bookmark: _Toc4084731][bookmark: _Toc4084779][bookmark: _Toc4412063][bookmark: _Toc4608838][bookmark: _Toc4608872][bookmark: _Toc4673497]Zero-bit CG confirmation MAC CE that is restricted (or transmitted) on the same activated/deactivated resource can solve the delay and signalling efficiency issues compared to multi-bit solution. 

Based on the above analysis, in this paper, we propose that 
[bookmark: _Toc4084605][bookmark: _Toc4084632][bookmark: _Toc4084780][bookmark: _Toc4412064][bookmark: _Toc4607578][bookmark: _Toc4673498][bookmark: _Toc4673547][bookmark: _Toc4675427]For activation/deactivation of individual CG configurations, a zero-bit CG confirmation MAC CE is employed, for which transmission is restricted to the activated/deactivated resources. 

Conclusion
The following observations have been made:
Observation 1	As defined in Rel-15, the zero-bit confirmation MAC CE might be ambiguous, since it is not clear which UL configured grant configuration the UE confirms.
Observation 2	As defined in Rel-15, the zero-bit configured grant (CG) confirmation MAC CE cannot cope with a simultaneous activation requirement of multiple CG.
Observation 3	A multi-bit activation/deactivation confirmation MAC CE can enable simultaneous activation of multiple configuration, but it has a considerably large signalling overhead.
Observation 4	Zero-bit CG confirmation MAC CE that is restricted (or transmitted) on the same activated/deactivated resource can solve the delay and signalling efficiency issues and has smaller probability to be lost in compared to multi-bit solution.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	The zero-bit CG confirmation MAC CE is restricted (or transmitted) on the same activated/deactivated resources.
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