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 Introduction

In RAN2#117-e meeting [1], the issue about CSI and SRS report for MBS DRX was discussed, and some agreements were made. There are still several FFSs related to CSI/SRS report as follows: 

gNB configures whether to report CSI on PUCCH/semi-persistent CSI configured on PUSCH and transmit periodic SRS/semi-persistent SRS during Active Time of multicast DRX and non-Active Time of unicast DRX. FFS: CSI-mask for multicast OnDuration.
Assume that Unicast DCP monitoring/WUS may be configured when Multicast DRX is configured. CSI reporting, SRS impact, and whether some restriction need to be captured is FFS (can revert the assumption if the FFS resolution turns out to be complex)
In this paper, we will continue to analyze these issues. 

section 2/3 on the spec modifications introduced by the first agreement. 

section 4 on the impact of CSI masking (csi-Mask) on reporting CSI in multicast DRX. 

section 5 will discuss the impact of unicast DCP monitoring on multicast DRX.
 The description of CSI and SRS reporting in the MAC spec
In the MAC spec [2], the spec modification for the first agreement is as follows:

	1>
else:

2>
in current symbol n, if a DRX group would not be in Active Time considering grants/assignments scheduled on Serving Cell(s) in this DRX group and DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause; and

2>
if allowCSI-SRS-Tx-MulticastDRX-Active is not configured or, in current symbol n, if all multicast DRX would not be in Active Time considering multicast assignments and DRX Command MAC CE for MBS multicast received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in Clause 5.7b:
3>
not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7] in this DRX group;

3>
not report CSI on PUCCH and semi-persistent CSI configured on PUSCH in this DRX group.

2>
if CSI masking (csi-Mask) is setup by upper layers:

3>
in current symbol n, if drx-onDurationTimer of a DRX group would not be running considering grants/assignments scheduled on Serving Cell(s) in this DRX group and DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause; and
4>
not report CSI on PUCCH in this DRX group.


The current MAC spec embeds UE behavior in multicast DRX into unicast DRX. However, the report of CSI and SRS is described for one DRX Group, and the DRX group is per UE. In TS38.321 [3], the definition of DRX Group is as follows:

DRX group: A group of Serving Cells that is configured by RRC and that have the same DRX Active Time.

Meanwhile, multicast DRX is configured per G-RNTI, which means Serving Cells belonging to a DRX Group for UE may have different multicast DRX Active Time (depending on the per BWP per cell configuration for that multicast or various multicast services.). 

Multicast DRX pattern is configured on a per G-RNTI basis instead of per DRX group.

Serving Cells belonging to a DRX Group for UE may have different multicast DRX Active Time. 
The report of CSI and SRS may be different due to the different multicast DRX Active Time of Serving Cells in a DRX Group. 
The CSI and SRS reporting may be different in multicast DRX of Serving Cells in a DRX Group.

Moreover, the CSI/SRS report during multicast DRX Active Time itself does not depend on whether the per UE DRX group is in Active Time or not. Mixing/coupling the UE behaviour brings overhead in spec design (including future extensions) and complexity in deployment. If we are to further consider the CSI masking impacts, the coupling only makes the wording more complicated (in following sections).
To improve the clarity and readability of the spec, it is more appropriate describe the transmission of CSI and SRS separately in unicast DRX for per DRX group behaviour (section 5.7) and multicast DRX for multicast services (section 5.7b). This two categories of DRX rules apply to the same MAC entity.
To improve the readability of the spec, describe the transmission of CSI and SRS separately for per UE DRX group (section 5.7) and for each multicast service (section 5.7b). The MAC entity behaviour follows both section's description.

 The modification for CSI and SRS reporting during multicast DRX in the RRC spec
To support the transmission of CSI and SRS in multicast DRX, an indication information, allowCSI-SRS-Tx-MulticastDRX-Active is added in MAC-CellGroupConfig. This IE indicates whether CSI and SRS can be transmitted during multicast DRX Active Time of a UE.

	MAC-CellGroupConfig field descriptions

	allowCSI-SRS-Tx-MulticastDRX-Active 

Used to control the CSI/SRS transmission during MBS multicast DRX active time, see TS 38.321 [3].


The parameter allowCSI-SRS-Tx-MulticastDRX-Active indicates whether CSI and SRS can be transmitted during all multicast DRX Active Time of a UE.
MBS DRX is configured on a per G-RNTI basis, a UE may start several MBS DRX simultaneously with different values of timers. If transmission of CSI and SRS is allowed during the Active Time of MBS DRX per UE, it may lead to a very high transmission frequency of CSI/SRS report even it is not needed, as shown in Figure 1. However, not all multicast service might require such high precision/frequency CSI/SRS report, i.e., the basic assumption why we introduce such on/off switch.
A UE may perform multiple multicast DRX simultaneously, which may cause the high frequency of CSI/SRS report, leading to high overhead.
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Figure1 : The reporting of CSI and SRS in multicast DRX Active Time
To achieve better power efficiency and scheduling flexibility, it might be more appropriate to make parameter allowCSI-SRS-Tx-MulticastDRX-Active on a per multicast DRX basis, and gNB decide which Active Time of MBS DRX can be used for the transmission of CSI and SRS.

The parameter allowCSI-SRS-Tx-MulticastDRX-Active is configured per multicast DRX.
 Impact of CSI masking (csi-Mask) on reporting CSI in multicast DRX

For legacy unicast, CSI masking (csi-Mask) is introduced for power saving. If csi-Mask is setup by the upper layers, the CSI on PUCCH will not be reported if drx-onDurationTimer is not running even if the current symbol is in unicast DRX Active Time. 

CSI masking (csi-Mask) restricts CSI report on PUCCH to be transmitted only when drx-onDurationTimer is running.
In the latest MAC spec update for Rel-17 NR MBS, CSI masking (csi-Mask) will take effect on both unicast DRX and multicast DRX. That is, if csi-Mask is setup configured by upper layer:

- Not report CSI on PUCCH if drx-onDurationTimer is not running.

- Not report CSI on PUCCH during multicast Active Time. 

In the latest MAC spec, CSI masking (csi-Mask), if configured, will prohibit CSI report on PUCCH during multicast DRX Active Time too.
The corresponding trigger mechanism and physical channel of CSI reporting for the possible CSI-RS configurations are as follows:

	CSI-RS Configurations
	Periodic CSI Reporting
	Semi-persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation

Reporting on PUCCH
	For reporting on PUCCH, the UE receives an activation command;

For reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI;

Additionally subselection indication possible;

Reporting on PUSCH

	Semi-persistent CSI-RS
	Not supported
	For reporting on PUCCH, the UE receives an activation command;

For reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI;

Additionally subselection indication possible;

Reporting on PUSCH

	Aperiodic CSI-RS
	Not supported
	Not supported
	Triggered by DCI;

Additionally subselection indication possible;

Reporting on PUSCH


Periodic CSI report on PUCCH does not require dynamic triggering, while other CSI reports need to be triggered by DCI or activation command per UE. 

Since multicast DRX is configured per G-RNTI rather than per UE, in the latest MAC spec, CSI masking (csi-Mask) may result in no CSI reporting during multicast DRX Active Time, which might affect PTM scheduling.

To ensure the accuracy of PTM scheduling, CSI masking (csi-Mask) should not cover all Active Time of multicast DRX, e.g., at least not affecting the period in which on duration timer for multicast is on. There are two options to solve this problem:

-  option 1: CSI masking (csi-Mask) only works on unicast DRX, but not on multicast DRX.

-  option 2: CSI masking (csi-Mask) also works on multicast DRX, but the same as unicast, UE is still allowed to report CSI on PUCCH when drx-onDurationTimerPTM is running.

Take into account power saving, option 2 is a better compromise. 
Therefore, we suggest that if CSI masking (csi-Mask) is setup by upper layers, CSI on PUCCH will only be reported when drx-onDurationTimerPTM is running for multicast DRX.

If CSI masking (csi-Mask) is setup by upper layers, CSI report on PUCCH will only be reported when drx-onDurationTimerPTM is running for multicast DRX.

 The impact of unicast DCP monitoring on multicast DRX

DCP monitoring is one of the DRX adaptation power saving techniques. A new DCI format 2_6 is introduced which contains the Wake-up indication. UE monitors the indication before the beginning of DRX On-duration period, if it is set to 0, UE will not start the drx-onDurationTimer for the next long DRX cycle. In other words, DCP monitoring may lead to the unicast DRX non-Active Time extension.

DCP monitoring may lead to the unicast DRX non-Active Time extension.

DCP monitoring is a technique developed for unicast. In Rel-17, there is no enhancement for multicast DRX. However, it was worried that DCP monitoring might influence the report of CSI and SRS, which may further affect the transmission of multicast.
In the RRC spec, a new parameter allowCSI-SRS-Tx-MulticastDRX-Active was introduced to allow the transmission of CSI and SRS during multicast DRX which is dynamically controlled by network. And the trigger state of DCP monitoring is also determined by gNB. 

gNB decides whether to enable DCP for unicast DRX and also the transmission of CSI and SRS during multicast DRX Active Time.
With such flexibility, how to reduce the impact of DCP on multicast DRX can be left to gNB implementation. For example, gNB can indicate not to start the drx-onDurationTimer for the next long DRX cycle, but at the same time, allow to report CSI and SRS during multicast DRX Active Time by setting the allowCSI-SRS-Tx-MulticastDRX-Active to true for some multicast services if needed.
How to reduce the impact of DCP monitoring/WUS on multicast DRX can be implemented by gNB without the spec impacts.
 Conclusion
Based on the analysis provided above, we have the following observations:

Multicast DRX pattern is configured on a per G-RNTI basis instead of per DRX group.
Serving Cells belonging to a DRX Group for UE may have different multicast DRX Active Time. 
The CSI and SRS reporting may be different in multicast DRX of Serving Cells in a DRX Group.
The parameter allowCSI-SRS-Tx-MulticastDRX-Active indicates whether CSI and SRS can be transmitted during all multicast DRX Active Time of a UE.
A UE may perform multiple multicast DRX simultaneously, which may cause the high frequency of CSI/SRS report, leading to high overhead.
CSI masking (csi-Mask) restricts CSI report on PUCCH to be transmitted only when drx-onDurationTimer is running.
In the latest MAC spec, CSI masking (csi-Mask), if configured, will prohibit CSI report on PUCCH during multicast DRX Active Time too.
Periodic CSI report on PUCCH does not require dynamic triggering, while other CSI reports need to be triggered by DCI or activation command per UE. 

Since multicast DRX is configured per G-RNTI rather than per UE, in the latest MAC spec, CSI masking (csi-Mask) may result in no CSI reporting during multicast DRX Active Time, which might affect PTM scheduling.

DCP monitoring may lead to the unicast DRX non-Active Time extension.

gNB decides whether to enable DCP for unicast DRX and also the transmission of CSI and SRS during multicast DRX Active Time.
Based on the analysis provided above, we have the following proposals:

To improve the readability of the spec, describe the transmission of CSI and SRS separately for per UE DRX group (section 5.7) and for each multicast service (section 5.7b). The MAC entity behaviour follows both section's description.

The parameter allowCSI-SRS-Tx-MulticastDRX-Active is configured per multicast DRX.
If CSI masking (csi-Mask) is setup by upper layers, CSI report on PUCCH will only be reported when drx-onDurationTimerPTM is running for multicast DRX.

How to reduce the impact of DCP monitoring/WUS on multicast DRX can be implemented by gNB without the spec impacts.
The related CR to TS 38.331-h00 (R2-2205627) and TS 38.321-h00 (R2-2205629) are provided in separate tdocs.
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