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[bookmark: _Ref492503575]Introduction
RAN2 received an LS from RAN1 in [1] on handling of multiple numerologies in FeMBMS. The actions to RAN2 include the following:
	· Introduce explicit baseband capability for MBMS with the following characteristics:
a. UE signals maximum supported bandwidth T and scaling factors ,
b. The CA configuration has to meet the following constraint (with parameters as defined in R1-1802307):


· RAN1 recommends RAN2 to include a mechanism to inform the serving eNB of the reception of MBMS services on receive only mode, and to include the numerology and bandwidth of those services (e.g. by extending MBMS interest indication).


 
In this contribution, we provide some background about the LS and propose some RAN2 steps. 
Background
Need for an explicit baseband capability for MBMS
During Rel-14, two new numerologies were introduced for eMBMS reception: 7.5kHz and 1.25kHz. The processing of these numerologies require larger DFTs (2 and 12 times larger for 7.5 and 1.25, respectively). 
- 15kHz numerology: 2k DFT
- 7.5kHz numerology: 4k DFT
- 1.25kHz numerology: 24k DFT.
Thus, processing carriers with MBMS numerologies may require larger computational complexity than Rel-13 MBMS or unicast (15kHz numerology).
Observation 1: Processing of carriers with subframes with 7.5 or 1.25kHz numerology require more computational complexity than processing 15kHz numerology.
For example, a UE may be able to support 5 DL CC @ 15kHz simultaneously, using 100% of the RF and baseband resources. In that case, if one of the CC is changed to 7.5kHz, the UE may not be able to have an additional 4CC (e.g. 1CC at 7.5 and 4 CC at 15kHz) because of not having enough computational resources or memory to perform the larger DFT one CC while doing smaller DFTs in the other CC. 
In general, the “amount of baseband resources” used by one CC are affected by the following:
- Bandwidth of the CC  The more bandwidth, the higher the resources the UE needs to process the CC
- Number of antennas  The more receive chains the UE has, the higher number of operations (e.g. DFT) the UE has to perform per subframe.
- Numerology  As explained above, for smaller subcarrier spacing the processing complexity is increased.
RAN1 has agreed that it is necessary to introduce an explicit baseband capability that captures the effect of having carriers of different numerologies. 
Capability signalling
In particular, the UE would report the following:
1) T: Maximum supported “baseband bandwidth” the UE is able to process
2) ,: Scaling factor for processing one unit of bandwidth of 7.5/1.25kHz with respect to one unit of bandwidth of 15kHz.

Then, the CA configuration would need to meet the following constraint:

Where:
1) C is the total number of CC configured for the UE
2)  is the bandwidth (in number of PRBs) for carrier c
3)  is the number of spatial layers supported in that CC
4)  if carrier c is XkHz subcarrier spacing, and 0 otherwise

Some notes:
- There can be TDM of different numerologies in a given CC. The “reference subcarrier spacing” that determines  is the “worst case” numerology (i.e., 15>7.5>1.25 from best to worst) the UE is receiving in that CC. For example, if a UE is configured with a CC that is transmitting 1.25kHz PMCH, but it is not receiving it, it should set . For simplicity, only “worst case numerology” is taken into account.
- The parameter  only affects the 15kHz CC. For 7.5 and 1.25KHz it is not included. This parameter can be captured by the A parameters – although not in a band-specific manner. The reason not to include it is that the UE, even when supporting 4Rx in a given band, can choose to operate in 2Rx mode (saving power and computational resources), given that the MBMS cell planning is likely to be done for UEs with 2Rx.
The parameters described above can be captured as part of extension of phyLayerParameters IE. For example.
PhyLayerParameters-v14xy ::=			SEQUENCE {
	mbms-MaxBW-r14							ENUMERATED {valAndRangeTBD},
	mbms-A1dot25-r14						ENUMERATED {valAndRangeTBD},
	mbms-A7dot5-r14							ENUMERATED {valAndRangeTBD}
}

[bookmark: _Toc510691928][bookmark: _Toc510693199][bookmark: _Toc510700881][bookmark: _Toc510450661][bookmark: _Toc510707020]Maximum supported bandwidth T and scaling factors , are captured in phyLayerParameters-v14xy in UE-EUTRA-Capability-v14xy-IEs. 
[bookmark: _Toc510691929][bookmark: _Toc510693200][bookmark: _Toc510700882][bookmark: _Toc510707021]Consider candidate values for factor  = {3, 6, 9, 12} and  = {1, 2, 3, 4}  
Support of MBMS reception from other serving cells
In Rel-14, the notion of “Receive-only mode” was introduced. A UE can receive MBMS service from a third party eNB while having a unicast connection with a different eNB. ‘MBMS interest indicator’ allows a UE to tell the eNB that it is receiving/interested on receiving MBMS from a given frequency. The eNB can use this information to configure the UE with a given CA combination that allows the UE to keep receiving the MBMS service. There are two caveats with this approach:
- In order to send MBMS interest indicator, the eNB has to broadcast SIB15, according to TS 36.331. If the UE is in receive-only mode with a separate eNB, the serving eNB for unicast may not broadcast SIB15 for the other eNB.
- As described above, the UE may be consuming a certain amount of ‘baseband resources’ for receiving MBMS from other cell but the serving eNB cannot be aware of it. Note that, in some cases (e.g. in receive-only mode), the network may not know the numerology of this MBMS service, since it may be controlled by a different PLMN. 
Thus, RAN1 discussed about it, agreed and included in LS to RAN2 that “RAN1 recommends RAN2 to include a mechanism to inform the serving eNB of the reception of MBMS services on receive only mode, and to include the numerology and bandwidth of those services (e.g. by extending MBMS interest indication)”, such that the eNB can accordingly configure the UE in a given CA mode while meeting the constraint described above.
Note that there are two parts that the UE should be able to inform to the eNB:
1. Mechanism to inform the serving eNB of the reception of MBMS services on receive only mode, and
2. Numerology and bandwidth of those services.
The UE may get from higher layers an update about its service  interest (let’s say it gets a new TMGI/frequency). After that, there are two possibilities:
1) If the UE knows  the numerology of that broadcast service through SIB reading (e.g. because it has already detected the SIB of the cell in which the broadcast service is transmitted), the UE can just transmit MBMS interest indicator indicating it.
2) If the UE does not know the numerology, it has to be a two step process:
i. The UE indicates the corresponding frequency, without including bandwidth/numerology. 
ii. The eNB may configure the UE with a corresponding CA combination that allows the UE to receive broadcast  service.
iii. The UE decodes SIB in the MBMS carrier, detects numerology, and updates MBMS interest indicator.
The multiple steps in the second case may be avoided if higher layers indicate the bandwidth/numerology of the MBMS service. This can be attained by adding additional information to the USD (User Service Description). This information can also be used for other purposes than those explained in this contribution, such as saving power in case the UE does not support the numerology used for a given service.

[bookmark: _Toc510691932][bookmark: _Toc510693202][bookmark: _Toc510700883][bookmark: _Toc510707022]Introduce eMBMS  Carrier Numerology   and  Bandwidth of eMBMS Carrier   as part of MBMS Interest Indication and new scenarios of MBMS Interest Indication transmission from UE.
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[bookmark: _GoBack]Since USD is in the scope of SA4, we propose to send an LS to SA4 requesting to include information regarding bandwidth and numerology in USD. A draft LS is provided in [2].
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Conclusion
In this contribution, we discussed the aspects of eMBMS related to LS from RAN1 and made the following observations. Based on the above discussion and observations, we made the following proposals:
Proposal 1.	Maximum supported bandwidth T and scaling factors , are captured in phyLayerParameters-v14xy in UE-EUTRA-Capability-v14xy-IEs.
Proposal 2.	Consider candidate values for factor  = {3, 6, 9, 12} and  = {1, 2, 3, 4}
Proposal 3.	Introduce eMBMS  Carrier Numerology   and  Bandwidth of eMBMS Carrier   as part of MBMS Interest Indication and new scenarios of MBMS Interest Indication transmission from UE.
Proposal 4.	Above changes are applicable for Rel-14 and later.
Proposal 5.	Send LS to SA4 (CC : SA2, RAN1)  requesting to include information regarding bandwidth/numerology in the USD.
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