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 Introduction
Idle and Inactive mode UEs support of NR MBS is covered in this paper mainly on the below issue:

group notification for Multicast UEs in RRC_IDLE status, MCCH or PCCH.

PRACH capacity, is it a real concern.

Current design flaws of MCCH transmission (e.g., MCCH modification mechanism), and how we can improve it without much specification work being introduced.
Cell re-selection in light of new deployment scenarios in NR MBS, can we have a single cell PTM transmission in mind from the beginning to have a better design?

 Group notification

The need for a group notification mechanism is confirmed in last RAN2 meeting per SA2/RAN3 request. However, the mechanism of such group notification is still not FFS.

RAN2 113bis-e Agreements
Support group notification for multicast for MBS supporting nodes

There are two possible options for such group notification mechanism, reusing MCCH and group paging.

# reusing MCCH

MCCH is designed for broadcasting the control information of each MBS service, and also it is able to notify UE the start of MBS session. It can be easily extended to include the case of notifying the activation of Multicast service.

The function of MCCH can be easily extended to notify the activation of Multicast service.

# group paging based on enhancement to current PCCH design
There are two sub-options for the group paging: shared PO, and separate PO. 

In shared PO, based on the information provided by 5GC about the DRX information and UE ID associated with the Multicast group, network makes sure that in each UE's PO the group ID is inside the paging record. Although this "UE centric" way reduces the power consumption of UE by reducing the possibility to wake up, in case of more there are lots of UEs who are interested in the MBS service, there will be much overhead for the paging capacity by "filling" more PO than necessary. N2 signaling overhead will be large as well, considering that all associated UE ID (and DRX info) shall be sent to all gNB belonging to the related TAC (which might be huge).
As for the separate PO, UE has to monitor at least two (if UE is only needed to monitor one Multicast service) POs. In such case, the efforts for UE to detect such separate PO is comparable to MCCH change monitoring but with extra spec impacts to current paging mechanism. 

Based on above analysis, from spec impacts points of view, MCCH is slightly preferred as the method to notify UE for Multicast session activation.
MCCH is used to notify UE for Multicast session activation.
 PRACH capacity 
Companies raised the concern that PRACH capacity might be an issue if there are tons of UE are about to initiated the RRC state transition triggered by the group notification due to Multicast session activation:
RAN2 113bis-e Agreements

It is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications 

Let's have a look whether this is a real issue and how PRACH capacity is defined in NR.
The capacity of RACH is determined by time and frequency resources configured by higher-layer parameters prach-ConfigurationIndex and msg1-FDM defined in TS 38.331. The prach-ConfigurationIndex determines the density of RACH opportunities in the time domain, and the msg1-FDM determines the available RACH resource multiplexed in frequency domain simultaneously.
TS 38.331

RACH-ConfigGeneric ::=              SEQUENCE {

    prach-ConfigurationIndex            INTEGER (0..255),

    msg1-FDM                            ENUMERATED {one, two, four, eight},

    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),

    zeroCorrelationZoneConfig           INTEGER(0..15),

    preambleReceivedTargetPower         INTEGER (-202..-60),

    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},

    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},

    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},

    ...

}

The maximum RACH density is summarized below, for FR1/FR2 and different spectrum type. In Table 1, 64 preambles are considered as defined in current NR specification. To simplify our analysis, it is assumed that all these 64 preambles are used for contention-based RACH. More detailed analysis can be found in [1].
Table 1. Summary of max PRACH density in time/freq domain

	FR1/FR2 and spectrum type
	Max PRACH density in time/frequency domain

(number/second)

	FR1 and paired spectrum/supplementary uplink
	14*8*1000*64 = 7168000

	FR1 and unpaired spectrum
	4.8*8*1000*64 = 2457600

	FR2 and unpaired spectrum
	14*8*1000*64 = 7168000


Assume a reasonable collision probability, e.g., 0.01, supportable RACH attempt density is calculated in below table, the maximum RACH attempts supported per cell for FR1 can be as high as 72041.
Table 2. Maximum RACH attempts supported per cell, with collision probability = 0.01

	FR1/FR2 and spectrum type
	Max RACH attempt supported (attempts/second/cell)

	FR1 and paired spectrum/supplementary uplink
	-7168000*ln(1-0.01) = 72041

	FR1 and unpaired spectrum
	-2457600*ln(1-0.01) = 24700

	FR2 and unpaired spectrum
	-7168000*ln(1-0.01) = 72041


The max PRACH capacity NR can support is high. 
However, the real issue here might be that the real model for how many UEs will initiate the state transitioning in one cell, due to Multicast session activation, even in hot spot area, is not clear for now.

The model, e.g., the numbers of UE that will initiate the state transitioning in one cell is not clear.
Since current PRACH mechanism can already support large number of UE random accessing the same time, and the real model for how many UEs will initiate the state transitioning in one cell, due to Multicast session activation is not clear for now, we suggest postponing the discussion on this issue.

Postponing the discussion of PRACH capacity enhancement due to Multicast session activation.
 MCCH
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 113e
Both idle/inactive UEs and connected mode UEs can receive MBS services transmitted by NR MBS delivery mode 2 (Broadcast service as already agreed, TBD other). The ability for connected mode UEs to receive this may depend on the network provisioning of the service (e.g. which freq), UE connected mode configuration and UE capabilities. 

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). 
Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).

MBS Interest Indication is NOT supported for UEs in idle/inactive mode for NR MBS delivery mode 2.
In later "[Post113-e][053][MBS17] MCCH scheduling and MCCH change notification" email discussion, several consensus were achieved, e.g., 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 
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 if not the best 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 [2] :

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 a single SC-MCCH information, 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.
New mechanisms were considered in previous discussions, including:

On-demand MCCH transmission. However, for Broadcast MCCH was designed for UE in all RRC status for all service, in case there is one MBS that requires low CP latency, such on-demand MCCH brings very marginal gain.
Multiple MCCH per cell. It was suggested to cater for different characteristics of use cases for NR MBS, the configuration channel should be separately transmitted for different use cases. However there are going to be huge spec impacts to specification and complicating the UE behaviour, since in legacy, there is only one entrance for the MBS PTM configuration distribution. Sub-issues like how many MCCH should there be, and how these separate MCCH shall be scheduled might bring more trouble than the benefit it provides.
Based on the above observation, 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 aim at at MBS specific MCCH transmission.
The on-demand MCCH does not really achieve this.
Multiple MCCH seems an overkill. 
A solution which could lift the limitation that all MCCH transmission must be the same for all the UE while bringing few spec impacts is needed.
There is one simple trick to do so. For UE who is interested in different 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. 

In below examples in Figure 1, it is demonstrated that for UE1 to UE4, they are interested in MBS1 to MBS4, respectively. For MBS1 and MBS3, the control plane latency is relatively relaxed, the modification period can be configured larger than others. 

The above mechanism further implies that 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.)
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.
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. // per MBS? 
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 

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.
Further indicate per MBS MCCH transmission configuration, e.g., per MBS Modification and/or repetition period, in the MCCH.
 Cell re-selection
In last RAN2 113e meeting, agreements were achieved including FFS on below issues. Further analysis on UE awareness of MBS services mechanism is provided in this section. 
Assume that some information for purpose of service continuity can be provided for NR MBS delivery mode 2. (FFS what - need to be revisited, e.g. based on progress in other groups, e.g. USD, SAI/TMGI etc)

FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

In the companion paper [3] the analysis of the deployment scenarios is provided, and we have the observations that NR MBS in Rel-17 pursues small and dynamic area deployment. And Rel-17 MBS for Broadcast service only fits into the per area deployment (i.e., there is an consensus between UE and the service provider, e.g., AS and/or Operators, that the service will be available and deployed in a region that is identified by a frequency agnostic region ID (i.e., SAI)), and per frequency deployment of NR Broadcast is not pursued.

NR MBS in Rel-17 pursues small and dynamic area deployment.

NR MBS in Rel-17 might be deployed in scattered cells.

NR MBS in Rel-17 pursues per area deployment, and does not fit into per frequency deployment scenarios.

As for the per area deployment, the legacy UE awareness of MBS services mechanism relies on the service area information (i.e., SAI), in both USD and SIB15 to locate the carrier frequency which provides UE interested. However, such mechanism is only able to provide the information of the MBS availability in the granularity of carrier frequency.
The legacy UE awareness of MBS mechanism is in the granularity of carrier frequency.

Such mechanism is useful when MBSFN is applied, but might not be valid for NR Broadcast where,
the broadcast area is small, and dynamic based on the need,
the cell distribution which provide the broadcast service can be scattered in different cells,
multiple cells are deployed on the same carrier frequency (e.g., same frequency deployment for neighboring cells which is quite usual for LTE/NR)
Through the evolution of LTE eMBMS more features for single cell broadcast, e.g., SC-PTM support in Rel-13, cell-reselection mechanism enhancement for NB-IoT UE or UE in enhanced coverage in Rel-14 were introduced, the UE awareness of MBS service and the related access layer procedures however are still in the granularity of carrier frequency, e.g., 
The same SIB15 mechanism is applied to both MBSFN and SC-PTM [4].
in the cell-ranking criterion enhancement for NB-IoT UE or UE in enhanced coverage who is capable of SC-PTM reception, the OffsetSC-PTM is applied to all cells on the so called SC-PTM frequency [5].
Please note that the service availability information of neighbouring cells is already provided and standardized in SC-MCCH information, however such information is not considered or reflected in the cell re-selection procedures in related specs.
If UE awareness of MBS mechanism is only in the granularity of carrier frequency, UE might not be able to select to the cells which truly provides the MBS services.

It is noticed that there is a discrepancy between the deployment scenarios and the UE awareness of MBS mechanism, therefore we suggest to have cell level MBS service awareness, and prioritize carrier frequency on which cells provides UE interested MBS services the highest priority during reselection priorities handling.

To have cell level MBS service awareness, and such awareness is applied in the cell re-selection procedure.

UE considers carrier frequency on which cells provide UE interested MBS services the highest priority during reselection priorities handling.

Moreover, to enable UE to re-select to a cell who truly provides the interested MBS services, it is necessary to apply an offset only to the cells which provide UE interested MBS services rather than to all cells on the frequency with highest priority.

Apply offset to cells which provide UE interested MBS services for cell ranking criterion, in case of multiple cells on the same frequency or frequencies of the same priority.

 Conclusion
Based on the analysis provided above, we have the following observations and proposals for each issue:
# on group notification design
Observation 1  The function of MCCH can be easily extended to notify the activation of Multicast service.

Proposal 1
MCCH is used to notify UE for Multicast session activation.

# on PRACH capacity

Observation 2  The max PRACH capacity NR can support is high. 

Observation 3  The model, e.g., the numbers of UE that will initiate the state transitioning in one cell is not clear.

Proposal 2
Postponing the discussion of PRACH capacity enhancement due to Multicast session activation.

# on MCCH
Observation 4  Legacy technique (i.e., SC-PTM) will be the baseline of MCCH design in NR.

Observation 5  The overhead introduced by MCCH transmission shall not be overlooked.

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

# on cell re-selection

Observation 6  NR MBS in Rel-17 pursues small and dynamic area deployment.

Observation 7  NR MBS in Rel-17 might be deployed in scattered cells.

Observation 8  NR MBS in Rel-17 pursues per area deployment, and does not fit into per frequency deployment scenarios.

Observation 9  The legacy UE awareness of MBS mechanism is in the granularity of carrier frequency.

Observation 10  If UE awareness of MBS mechanism is only in the granularity of carrier frequency, UE might not be able to select to the cells which truly provides the MBS services.

Proposal 4
To have cell level MBS service awareness, and such awareness is applied in the cell re-selection procedure.

Proposal 5
UE considers carrier frequency on which cells provide UE interested MBS services the highest priority during reselection priorities handling.

Proposal 6
Apply offset to cells which provide UE interested MBS services for cell ranking criterion, in case of multiple cells on the same frequency or frequencies of the same priority.
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