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 Introduction

In MAC running CR for MBS [1], there is an editor note about CSI and SRS reporting due to MBS DRX:
Editor’s note: FFS to CSI and SRS reporting due to MBS DRX.

In the email discussion [2], this issue was also discussed, but still no consensus. 

In this paper, we will continue to analyze this issue.

 CSI and SRS reporting

 CSI
CSI (Channel State Information) is channel state information used by the UE to feedback downlink channel quality to the gNB. gNB selects an appropriate MCS for downlink data transmission based on CSI to reduce the BLER of downlink data transmission. The Reporting configuration for CSI can be aperiodic (by PUSCH), periodic (by PUCCH) or semi-persistent (by PUCCH, and DCI activated PUSCH) [3].
CSI is used by the UE to feedback downlink channel quality to the gNB.

CSI is reported in aperiodic, periodic or semi-persistent.
 SRS
SRS (Sounding Reference Signal) is a reference signal sent by the UE. The gNB can estimate the channel quality of the uplink according to the SRS. In NR, there are three kinds of SRS reporting, which are aperiodic, periodic and semi-persistent [3].

SRS is used by the UE to feedback uplink channel quality to the gNB.

SRS is reported in aperiodic, periodic or semi-persistent.
Principles of CSI and SRS reporting in legacy DRX

As shown in Figure 1 and Figure 2, in the case where DRX is configured, there are corresponding restrictions on the behaviour of CSI and SRS reporting [4]. If the current symbol n is not Active Time or drx-OndurationTimer is not running, some types of CSI and SRS will not be reported. For symbol n, if it is scheduled or received DRX Command MAC CE 4ms ago, then symbol n is not Active Time or drx-OndurationTimer is not running.
[image: image1.png]Symbol n

i 4ms

v 5
Grants >'V
Assignments Active Time or not?
DRX Command MAC CE '
Long DRX Command MAC CE not

\

* Not transmit periodic SRS and semi-persistent SRS
* Not report CSI on PUCCH and semi-persistent CSI on PUSCH





Figure 1
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Figure 2
In addition, the transmission of certain types of CSI and SRS is not limited by Active Time, such as aperiodic CSI on PUSCH and aperiodic SRS. As shown in Figure 3:
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Figure 3

CSI/SRS reports are only transmitted during legacy DRX Active Time, except for aperiodic CSI on PUSCH and aperiodic SRS.
Transmission of aperiodic CSI on PUSCH and aperiodic SRS is not limited by Active Time.
CSI and SRS reporting in MBS DRX
The RAN1 and RAN2 working groups have previously discussed DRX and CSI for MBS.
At the RAN1#102-e meeting [5], the following consensus was reached regarding the CSI feedback for MBS:

Agreements:

For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.

O   FFS: whether enhancement is needed 
At present, RAN1's discussion on the WI of MBS has ended, which means that there will be no CSI enhancement for MBS.

The agreement of RAN1 is that per UE CSI feedback is used to assist the network in multicast scheduling.
At the RAN2#115e meeting [6], the following consensus was reached regarding the DRX for multicast:

RAN2#115 agreements

=>For multicast PTM transmission, Multicast DRX pattern is configured on a per G-RNTI basis (i.e. independent of legacy UE-specific DRX for unicast transmission).

=>For NR Broadcast, the DRX pattern is configured per G-RNTI. 
MBS DRX is independent of legacy UE-specific DRX.

MBS DRX is independent of legacy UE-specific DRX, which means that per UE CSI feedback is not transmitted during MBS DRX Active Time. This is unfavorable for MBS data reception, which is explained below through analysis.

For CSI feedback in MBS DRX Active Time
- although there might be impact on the specification of CSI feedback transmission and complexity in UE behaviour during MBS DRX Active Time,
- CSI feedback can assist the network to reasonably schedule MBS services and is essential to legacy unicast scheduling.

If there is no CSI/SRS report during MBS DRX Active Time, network might not be able to schedule MBS services properly.
CSI/SRS report in MBS DRX Active Time might be enabled to assist network in the scheduling of the MBS transmission.
In Section 3, we discussed the principles of CSI and SRS reporting in legacy DRX. That is, except for aperiodic CSI on PUSCH and aperiodic SRS, other types of CSI and SRS are transmitted within the Active Time of DRX.

Considering the minimum specification modification and the consistency of the CSI feedback transmission mechanism, it is reasonable to keep the CSI feedback transmission principle in MBS DRX consistent with legacy DRX.
The principle of CSI/SRS reporting transmission in MBS DRX follows with legacy DRX.
 Conclusion
Based on the analysis provided above, we have the following observations:

CSI is used by the UE to feedback downlink channel quality to the gNB.

CSI is reported in aperiodic, periodic or semi-persistent.
SRS is used by the UE to feedback uplink channel quality to the gNB.

SRS is reported in aperiodic, periodic or semi-persistent.
CSI/SRS reports are only transmitted during legacy DRX Active Time, except for aperiodic CSI on PUSCH and aperiodic SRS.
Transmission of aperiodic CSI on PUSCH and aperiodic SRS is not limited by Active Time.
The agreement of RAN1 is that per UE CSI feedback is used to assist the network in multicast scheduling.
MBS DRX is independent of legacy UE-specific DRX.

If there is no CSI/SRS report during MBS DRX Active Time, network might not be able to schedule MBS services properly.

Based on the analysis provided above, we have the following proposals:

CSI/SRS report in MBS DRX Active Time might be enabled to assist network in the scheduling of the MBS transmission.
The principle of CSI/SRS reporting transmission in MBS DRX follows with legacy DRX.
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