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 Introduction
RRC_IDLE and RRC_INACTIVE state UEs support of NR MBS is covered in this paper mainly on the below issue on notifications:

group notification/paging for Multicast UEs in RRC_IDLE status, PCCH enhancements.

Current design flaws of MCCH transmission (e.g., MCCH modification mechanism), and how we can improve it without much specification work being introduced.
 Group notification for Multicast

 Background
The need for a group notification mechanism is confirmed in last RAN2 meeting per SA2/RAN3 request to efficiently notify the Multicast session activation. Below are the latest progress of such issue:
RAN2 113bis-e Agreements
Support group notification for multicast for MBS supporting nodes

RAN2 114-e Agreements
Use PCCH for Multicast activation notification (also for MBS supporting nodes). 

Confirm that we convey the MBS session ID in the notification. 

Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)
It was further confirmed that to legacy PCCH will be re-used for such activation notification (or “group paging”), meanwhile there are some variants for the enhancement to support the feature.
 enhancement to PCCH

There could be multiple variations on the enhancement to PCCH to support group paging (including the options using of paging in all legacy PO with RNTI),

Option 1. Separate PCCH that is different from current unicast per UE paging, possibly with RNTI different from current P-RNTI. (“separate PO” as used in RAN2 114-e online discussion.)

Option 2a. Aligned to current unicast paging mechanism. The PO is calculated based on the group ID (or whatever ID that identifies the Multicast session) that is known to the UE that has applied to the Multicast session before hand.
Option 2b. Aligned to current unicast paging mechanism, while the group ID can be found in the paging record in all possible PO.
Option 2c. Aligned to current unicast paging mechanism, while the group ID can be found in the paging record in PO that belongs to UEs that have subscribed to the Multicast service.

If we can have a table to summarize the features of above options, it can be the following Table 1:

Table 1. Comparison of solutions to enhance PCCH to enable group paging
	solutions
	Impacts to legacy UE
	UE power consumption
	Others

	Option 1

- separate PCCH
	- zero
	- UE needs to monitor extra POs
	- extra RNTI probably, needs RAN1 coordination.

- considering it is rare for multiple or lots Multicast session being activated at the same time, compared to option 2a, Option 1 seems an overkill.

	Option 2a

- legacy PCCH with calculated per service PO, with Group ID in the calculated PO
	- low
	- UE needs to monitor extra POs
	- UE tries to check whether there is its interested MBS ID in the paging record.

	Option 2b

- legacy PCCH with Group ID in all PO
	- high (with greatest impacts to paging capacity)
	- no extra PO monitoring
	- UE tries to check whether there is its interested MBS ID in the paging record.

	Option 2c

- legacy PCCH with Group ID in UE specific PO
	- low
	- no extra PO monitoring
	- it relies on extra N2 overhead with each UE’s paging DRX information (-There needs to be the subscribed UE information known to RAN node. Considering the subscription can be high, and the paging area, the overhead of NG-C can not be overlooked.)
- UE tries to check whether there is its interested MBS ID in the paging record.


Basically it is a compromise among the following factors:
UE power consumption (option 2b and 2c wins here).
Impacts to legacy UEs (PCCH load and resulted paging latency).
Overhead in information provided on N2 tunnel.
Specification impacts.
Different options on enhancement to group paging offers different performances on UE power consumption, impacts to legacy UEs, impacts to N2 and the specification.
Option 2b is slightly preferred compared to 2c, due to the factor that:
It is rare for multiple or lots Multicast session being activated at the same time, the overhead in paging capacity can be limited.
Less NG-C impacts. N2 signaling overhead for option 2c will be large, considering that all associated UE ID (and DRX info) shall be sent to all gNB belonging to the related TAC (which might be huge).
Group ID in all POs to support group paging for Multicast session activation.
Subscribed UE monitors in per UE paging record to see whether its interested Multicast session ID is in.
 MCCH change notification for Broadcast
 Background
During RAN2 113bis-e meeting, it was concluded that for NR MBS delivery mode 2, the so called two-step based approach adopted by LTE SC-PTM will be reused for the transmission of PTM configuration.
Agreements from RAN2 113-e
The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.

Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner. 

Assume that MCCH change notification mechanism is used to notify the changes of MCCH configuration due to session start for delivery mode 2 of NR MBS (other cases FFS, if any). 
In RAN2 114-e meeting the following agreements were achieved:
Agreements from RAN2 114-e

MBS specific SIB is defined to carry MCCH configuration.

Indication of an MCCH change due to modification of an ongoing session’s configuration (including session stop) is provided with an explicit notification from the network  (provided that RAN1 confirms a separate bit for this purpose can be accommodated in the MCCH change notification DCI, in addition to a bit for session start notification). FFS on whether this notification can be reused for modification of other information carried by MCCH, if any.

FFS whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation.

At least in case RAN1 decides to utilize RNTI other than MCCH-RNTI for MCCH change notification, MCCH change notification is sent in the first MCCH monitoring occasion of each MCCH repetition period.

We support single MCCH (in this release)

The MCCH transmission will be most likely characterized as below: 
the transmission scheme of MCCH will be characterized by a MCCH transmission window which is further characterized by parameters including repetition period, and a modification period.
a common MCCH-RNTI will be used to schedule MCCH messages.
a separate notification channel (other than MCCH-RNTI and P-RNTI) will be introduced to notify UE the change of MCCH (for session start at least).
Most of the solutions will be based on the legacy to reduce the standardization effort, and more importantly, legacy way is already a thoroughly discussed way after hours and hours of debate in 3GPP meetings, and it seems people in 3GPP would like just to follow it.
Legacy technique (i.e., SC-PTM) will be the baseline of MCCH design in NR.
Although applying legacy technique is the best option as the way forward, introducing Multicast and Broadcast service support in NR for the first time is still a good opportunity to review what can be better done. 

Issues were recognized and raised by companies that some design flaws shall not be inherited in current NR system [1] :

SC-MCCH is cell specific, which means there is only one unique SC-MCCH information being transmitted in the cell,. PTM configuration of all MBS services are included in a single SC-MCCH information, and they share the same repetition period, modification period.

for UE who is interested in any MBS services, it has to monitor the SC-MCCH transmission and its modification following the same configuration, although for some categories of MBS the control plane  latency UE can tolerate is much higher. An aligned configuration is definitely not the best option for UE power consumption.

as an "always-on" signal, SC-MCCH consumes radio resources and base station power consumption, even for some services the PTM configuration needs no frequent transmission and update.

Such overhead apparently does not really fit into NR's lean design, and to overcome such overhead seems essential for NR MBS.

The overhead introduced by MCCH transmission shall not be overlooked.

 Service specific MCCH modification period
The core issue of legacy design of MCCH is that it is cell specific, both from network perspective and UE perspective. And one of the solutions is to have MBS specific MCCH transmission. Meanwhile in last RAN2 meeting it had been confirmed that there will be only one MCCH in one cell.

Agreements from RAN2 114-e

We support single MCCH (in this release)

A solution which could lift the limitation that all MCCH transmission must be the same for all the service is needed. For various MBS services whose requirement on reliability (repetition period), and control plane latency (modification period) are different, the repetition period and modification period can of course be configured differently, even there is only one MCCH identified by one common RNTI.
In below examples (Figure 1), it is demonstrated a solution that for different UEs with different interests (UE1 to UE4, they are interested in MBS1 to MBS4, respectively), the mechanism can be characterized as below:
For MBS1 and MBS3, the control plane latency is relatively relaxed, the modification period can be configured larger than others. 

all UE does not necessarily monitor all the transmission for all the MCCH. 
Therefore overhead on the air interface is reduced and for each UE there will be less wake up time to monitor the control information. 
Together with MTCH DRX, the wake up time for UE will reduced to the greatest extent. Meanwhile, from network perspective, less PTM configuration will be transmitted on the air interfaces.
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Figure 1. UE monitors the PTM configured based on its interest in a common MCCH transmission. (red arrows stand for the start of monitoring period for each UE.)
MBS specific MCCH modification period features lower UE power consumption, and lower network overhead.
The specification impacts will be minimized by just simply adding per MBS modification period, and per MBS repetition can be configured as well to further reduce the PTM transmission overhead. Note that for the MCCH transmission scheme illustrated above, it does not violate the agreements that applying LTE SC-PTM scheme as baseline, only the parameter for MCCH transmission has become MBS specific rather than cell specific both from UE and network perspective.
Based on the above analysis, we propose to further indicate per MBS MCCH transmission configuration, e.g., per MBS Modification and/or repetition period in the MCCH.
Indicate per MBS MCCH transmission configuration, e.g., per MBS Modification and/or repetition period, in the MCCH.
 Conclusion
Based on the analysis provided above, we have the following observations and proposals for each issue:
# on group notification design

Observation 1
Different options on enhancement to group paging offers different performances on UE power consumption, impacts to legacy UEs, impacts to N2 and the specification.

Proposal 1
Group ID in all POs to support group paging for Multicast session activation.

Proposal 2
Subscribed UE monitors in per UE paging record to see whether its interested Multicast session ID is in.

# on MCCH
Observation 2
Legacy technique (i.e., SC-PTM) will be the baseline of MCCH design in NR.

Observation 3
The overhead introduced by MCCH transmission shall not be overlooked.

Observation 4
MBS specific MCCH modification period features lower UE power consumption, and lower network overhead.

Proposal 3
Indicate per MBS MCCH transmission configuration, e.g., per MBS Modification and/or repetition period, in the MCCH.
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