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1. Introduction
In the last RAN2 meeting, many agreements have been achieved based on the output of email discussion [107#55][NR IIOT] CG/SPS for TSC [1]. About the issue of confirmation MAC CE for multiple CG configurations, the following agreement has been made [2]:
	· Introduce a new confirmation MAC CE format in Rel-16, which reflects the confirmation of multiple configured grant configurations 


However there was no consensus about the contents to be included in the confirmation MAC CE. In this contribution, we will discuss the impact of confirmation MAC CE on resource efficiency, and propose one format for the new confirmation MAC CE.
2. Discussion
In the last RAN2 meeting, several companies have proposed to restrict the maximum number of CG/SPS configurations per UE or per Cell besides per BWP, e.g. in the form of UE capability and  to have a unified CG configuration indexes numbering within one MAC entity, no matter whether these CGs are configured on the same BWP or not. For the design of confirmation MAC CE, a big bitmap, e.g. 4-octet bitmap, can be then included to represent the activation/deactivation status of all CG configurations of such UE. However, a unified CG configuration indexes numbering here may not be optimal design, according to the following analysis.
First of all, it should be noted that in the last RAN1 #98bis meeting, the following agreements have been made [3]:

	Agreements:

· M (M<=4) least significant bits of HPN field in DCI format 0-0 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.

· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated.

· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration(s) is to be released.


Based on RAN1’s agreement, at most 4 bits in DCI is used to indicate which CG configuration is to be activated or released. However, if a unified CG configuration indexes numbering is adopted, 4 bits are not enough to indicate a CG configuration when more than 16 CG configurations are configured for a UE. We understand RAN1’s intention is to have independent CG configuration indexes among different BWPs.
In LTE R15, multiple uplink SPS configurations can be configured on both PCell and SCells. New UE capability parameters, e.g. pusch-SPS-MaxConfigSubframe-15, etc. are introduced to report the maximum number of SPS configurations per UE. Even though there is a restriction on the maximum number of SPS configurations that a UE can support, the SPS configuration indexes on each serving cell are independently configured, i.e. the same index can be reused for SPS configurations on different serving cells. In NR, we think the similar configuration principle can be followed.
Besides, we don’t think there is need for a further restriction on the maximum number of CG/SPS configurations per UE in NR. Even if we finally agree to introduce such a restriction, the exact maximum number needs further discussion. Considering various types of services may need to be supported by a UE, the maximum number of CG/SPS configurations per UE is better to be larger than that in LTE, e.g. larger than 32. If a bitmap is used to represent the activation/deactivation status of all CG configurations of a UE, the confirmation MAC CE will include a big bitmap that may be more than 4 octets. The necessity of introducing such a MAC CE with a big bitmap is questionable. The intention of multiple CGs is to support various deterministic services or applications, but multiple services may not need to start or terminate simultaneously. Hence it is unlikely that a large number of CG configurations need to be activated or released simultaneously. For a specific deterministic service, the associated CGs may be configured on one serving cell. We think in most cases, only limited number of CG configurations on one BWP or one serving cell need to be activated/deactivated simultaneously.
Based on the above analysis, we propose that CG configuration indexes are independently configured among different BWPs and different serving cells.
Proposal 1: CG configuration indexes are independently configured among different BWPs and different serving cells.

In NR, each CG is per BWP per serving cell configured. In order to indicate the activation/deactivation of a specific CG, the following information associated with this CG should be indicated explicitly or implicitly by each activation/deactivation command: serving cell ID, BWP ID and specific CG ID. On the other hand, in order to let the network to identify which specific CG configuration is actually activated/deactivated unambiguously, the above information shall also be derived from the confirmation MAC CE explicitly or implicitly.
Observation 1: Since CG is per BWP per serving cell configured, the serving cell ID, BWP ID and specific CG ID should be derived from the confirmation MAC CE explicitly or implicitly.

Currently in NR, only one BWP in each serving cell should be activated. Since anyway the serving cell ID of the corresponding CG configurations should be derived from the confirmation MAC CE, explicit BWP ID needs not be included in the confirmation MAC CE.
As for the CG ID, based on the result of the email discussion [1], most companies prefer to use the form of bitmap in the confirmation MAC CE. RAN1 has agreed that maximum 12 CGs can be configured on each BWP. Then a 12-bits bitmap included in the MAC CE can be used to represent the activation/deactivation status of up to 12 CGs on one BWP. Another option is to use the form of CG configuration index, and each confirmation MAC CE can be used to represent the activation/deactivation status of the specific CG configuration indicated by the index. RAN1 has agreed to support joint release in one DCI for two or more CG configurations in NR R16. In this case, it is better to confirm the deactivation status of two or more CG configurations in one confirmation MAC CE. Thus, we also prefer to use the form of bitmap for CG ID.

As for the serving cell ID, the following options can be considered:

Option-1: Serving cell ID is in the form of bitmap.

In NR, maximum 32 serving cells can be configured for a UE. In this option, a 4-bytes bitmap should be included in the MAC CE, where each bit represents whether a CG bitmap of a specific serving cell is followed. Considering the case where the activation/deactivation of only one CG configuration needs to be confirmed, the size of the confirmation MAC CE designed by this option is at least 8 bytes, which includes 2-bytes subheader (in this option, we think the confirmation MAC CE is variable size and a Length field should be included in the subheader), 4-bytes serving cell bitmap and 2-bytes CG bitmap. We think the signalling overhead of such big MAC CE is non-negligible. Besides, the priority of confirmation MAC CE is quite high in LCP procedure, such a big confirmation MAC CE may affect the transmission of URLLC service, for example, could result in the segmentation of URLLC packets.
Option-2: Serving cell ID is in the form of index.

The confirmation MAC CE designed by this option is illustrated in the following Fig.1. In the MAC CE, a serving cell index and a CG bitmap is included. Such a confirmation MAC CE can be used to confirm the activation/deactivation status for all CG configurations that are configured on the cell indicated by the serving cell index. This MAC CE can have a fixed size of 4 bytes, i.e. 1-byte subheader and 3-bytes payload. But there exist 7 reserved bits in the MAC CE, which is not preferred from the perspective of resource efficiency.
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Fig.1 Illustration of confirmation MAC CE designed by Option-2
Option-3: Serving cell ID is derived from the resource where the MAC CE is restricted to be transmitted on.
In this option, only a CG bitmap is included in the confirmation MAC CE, as illustrated in the Fig.2. The serving cell ID is not explicitly included. In order to derive the serving cell ID, we can restrict that the MAC CE is transmitted on the serving cell where the CG configurations are configured on. Based on the physical resource where the confirmation MAC CE is received, the gNB can derive the associated serving cell ID unambiguously. Furthermore, the CG bitmap included in the MAC CE indicates the activation/deactivation status of CGs configured on the active BWP of the associated serving cell. 

[image: image2.emf]Oct 1

Oct 2

C

7

C

6

C

5

C

4

C

3

C

2

C

1

C

0

R R R R C

11

C

10

C

9

C

8


Fig.2 Illustration of confirmation MAC CE designed by Option-3
The confirmation MAC CE designed by Option-3 has a fixed size of 3 bytes, i.e. 1-byte subheader and 2-bytes payload. Compared with Option-2, such MAC CE design can reduce one byte size. Such a smaller MAC CE is more resource efficient and has less impact on the transmission of URLLC service. 
Proposal 2: Only a bitmap for CG configurations on one BWP of a serving cell is included in the new confirmation MAC CE.
Proposal 3: The confirmation MAC CE is restricted to be transmitted on the associated serving cell where CGs are configured on. No explicit serving cell ID is included in the MAC CE.
Proposal 4: The confirmed CG configurations are configured on the active BWP of the serving cell. No explicit BWP ID is included in the MAC CE.
3. Conclusion
In this contribution, we have discussed to introduce a new confirmation MAC CE for multiple CG configurations, and made the following observation and proposals:
Observation 1: Since CG is per BWP per serving cell configured, the serving cell ID, BWP ID and specific CG ID should be derived from the confirmation MAC CE explicitly or implicitly.
Proposal 1: CG configuration indexes are independently configured among different BWPs and different serving cells.

Proposal 2: Only a bitmap for CG configurations on one BWP of a serving cell is included in the new confirmation MAC CE.

Proposal 3: The confirmation MAC CE is restricted to be transmitted on the associated serving cell where CGs are configured on. No explicit serving cell ID is included in the MAC CE.

Proposal 4: The confirmed CG configurations are configured on the active BWP of the serving cell. No explicit BWP ID is included in the MAC CE.
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