[bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG RAN WG1 Meeting #88                                         	R1-1702542
Athens, Greece, 13th – 17th February 2017

Agenda item:    7.2.3.2
Source:             Qualcomm Incorporated
Title:                  Support of multicast
Document for:  Discussion and Decision 
1. Introduction
In RAN#72 a new work item (WI) named further enhancements for MTC [1] was introduced. The objectives of the WI include the support of positioning, multicast, mobility enhancements and higher data rates.

In RAN1#87, the following working assumptions were agreed [5]:

Agreements:
· MPDCCH search space configuration for SC-MCCH consists of {narrowband, Rmax, G}.
· MPDCCH search space configuration for SC-MTCH consists of {narrowband, Rmax, G}.
· For the MPDCCH search space scheduling SC-MCCH, UE monitoring of blind decoding candidates is reused from Type1-CSS.
· For the MPDCCH search space scheduling SC-MTCH, UE monitoring of blind decoding candidates is reused from Type2-CSS.

· DCIs for scheduling SC-MCCH is based on DCI format 6-2 with at least the following fields:
· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· DCIs for scheduling SC-MTCH include at least the following fields:
· Frequency-hopping flag
· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· The sizes of the DCI fields are FFS.
· Other DCI fields than the ones listed above are not precluded.

· PDSCH carrying SC-MCCH supports up to 1000 bits TBS and up to 6 PRBs channel bandwidth.
· PDSCH carrying SC-MTCH is configurable in SC-MCCH, and supports up to [4008] bits TBS and [24 or 25] PRBs channel bandwidth.
· For MPDCCH scheduling SC-MCCH or SC-MTCH, the frequency hopping and its configuration follow the Rel-13 eMTC design.
· For PDSCH carrying SC-MCCH or SC-MTCH, the frequency hopping and its configuration follow the Rel-13 eMTC design.
· The frequency hopping activation (ON/OFF) for MPDCCH/PDSCH for SC-MCCH is configured by a new 1-bit parameter.
· The frequency hopping activation (ON/OFF) for MPDCCH/PDSCH for SC-MTCH is configured by a new 1-bit parameter per SC-MTCH.
· Coverage enhancement related settings (CE mode A / CE mode B) for MPDCCH/PDSCH for SC-MCCH are configured by a new 1-bit parameter.
· Coverage enhancement related settings (CE mode A / CE mode B) for MPDCCH/PDSCH for SC-MTCH is configured by a new 1-bit parameter per SC-MTCH.

· Collision between SC-PTM related transmissions and PSS/SSS, PBCH, and SIBs, is handled in the same way as Rel-13 eMTC.
· The UE is not required to simultaneously monitor the MPDCCH search spaces for SC-MCCH and SC-MTCH.
· When a UE is monitoring MPDCCH search space for SC-MCCH or receiving PDSCH carrying SC-MCCH, it is not required to simultaneously monitor MPDCCH search space for SC-MTCH or receive PDSCH carrying SC-MTCH.

Working assumptions:
· When a UE is monitoring Type1-CSS for paging at its Paging Occasion, it is not required to simultaneously monitor MPDCCH search spaces for SC-MCCH or SC-MTCH or receive PDSCH for SC-MCCH or SC-MTCH.
· This working assumption is automatically confirmed/abandoned if the corresponding RAN2 working assumption is confirmed/abandoned.


In this document we provide our views on the support of multicast for FeMTC UEs.

2. Reduced Control SC-PTM
The use cases for multicast in LTE include multimedia reception. Depending on the used codec, the multimedia content may have variable bitrate, and thus it is beneficial to have the flexibility at the physical layer to change the TBS/scheduling very dynamically. For eMTC, the typical use case for multicast is expected to be the delivery of a software update, so the network can calculate beforehand the amount of resources, TBS, repetitions, etc. needed for its delivery. It is hence very likely that most of the content for the DCI for consecutive eMTC SC-MTCH PDSCH are almost identical. 
In legacy LTE, a PDCCH is sent for every SC-MTCH PDSCH which offers the high flexibility required for the LTE use cases. However, unlike in LTE, such flexibility comes with high overhead for eMTC due to the following reasons:
· Narrowband operation: eMTC UE is not able to simultaneously monitor MPDCCH and receive PDSCH, so continuous reception of PDSCH is not feasible. One exception to this rule is when PDSCH and MPDCCH happen in the same narrowband. However, this reduces the amount of frequency resources available for PDSCH (e.g. 2 RBs are used for MPDCCH and 4RBs are used for PDSCH). Each MPDCCH transmission hence directly reduces the number of resources available for PDSCH. In LTE, since PDCCH is sent in the control region (first few OFDM symbols), this isn’t always the case.
· Cross-subframe scheduling: In LTE a PDCCH in subframe N schedules a PDSCH in subframe N. In eMTC, however, an MPDCCH in subframe N schedules a PDSCH in subframe N+2. Hence there is a guard subframe overhead as well. 
For coverage enhancement, both MPDCCH and PDSCH are sent with repetitions. Since MPDCCH payload is typically much smaller than PDSCH, one would expect the MPDCCH overhead as a percentage of total required resource (MPDCCH+ PDSCH) to be low. However, that isn’t the always the case due to the following reasons:
· The MPDCCH BLER target is usually much lower than that for PDSCH. In addition, the performance for MPDCCH is inferior to that for PDSCH. In eMTC, the PDSCH can benefit through transmit diversity whereas MPDCCH, which is based on single port UERS, doesn’t receive the full transmit diversity gains. If the allocation is per user then UE specific beamforming could be applied for MPDCCH but for multicast, the applied beamforming would be omnidirectional. 
· The operating packet error rate for MPDCCH/PDSCH for unicast data is typically assumed to be <5% misdetection for PDCCH and <10% for PDSCH. For multicast traffic the targets will be more aggressive as there is no physical layer feedback. In addition, multicast traffic is typically targeted at low SNR UEs and hence would involve high repetition factors. In CE-Mode A, the max repetition for PDSCH is 32. Hence, to achieve low PER, for PDSCH in CE-Mode A eNB would end up reducing the MCS after reaching 32 repetitions while for MPDCCH it would increase repetition factors. 
[bookmark: _GoBack]Based on simulation results, for EPA 5Hz channel, in order to have PER < 5% at SNR of -6dB, the MPDCCH repetition level required is at least 8. For lower, more reasonable, PER target or lower SNRs the required MPDCCH repetition level would be 16 or 32. Owing to these factors, the control overhead becomes significant. For CE-Mode A, the savings by scheduling multiple PDSCH using a single MPDCCH instead of one PDSCH per MPDCCH is shown in the table below for different repetition levels.

Table 1 Savings with minimal control PDSCH scheduling
	Savings in %
	Each PDCCH schedules 2 PDSCHs
	Each PDCCH schedules 4 PDSCHs
	Each PDCCH schedules 8 PDSCHs

	
	PDSCH Rep = 16
	PDSCH Rep = 32
	PDSCH Rep = 16
	PDSCH Rep = 32
	PDSCH Rep = 16
	PDSCH Rep = 32

	PDCCH 
Rep = 8
	16.7
	10
	25
	15
	29.2
	17.5

	PDCCH 
Rep = 16
	25
	16.7
	37.5
	25
	43.8
	29.2

	PDCCH 
Rep = 32
	33.3
	25
	50
	37.5
	58.3
	43.8



The efficiency improves by 25% if a single MPDCCH is used to allocate multiple (4) PDSCHs for MPDCCH repetition of 16 and PDSCH repetition of 32 which we expect would be a typical configuration. The benefits are two-fold. The network resources would be utilized more efficiently and the UE interested in multicast services can receive the required information and go to sleep quicker hence saving power. We also note that this benefit comes only with a minor cost of adding a bit or two to the DCI. The legacy scheduling (each MPDCCH points to a specific PDSCH) is still allowed.
In view of these observations, we make the following proposal.
Proposal: For SC-MTCH, introduce two bits in the DCI to indicate the number of PDSCH associated with the DCI from the set {1,2,3,4}. The PDSCH are assumed to be scheduled back to back with a fixed pre-determined gap if necessary.

3. Summary
In this contribution we proposed supporting use of single MPDCCH to schedule multiple PDSCH for multicast.
Proposal: For SC-MTCH, introduce two bits in the DCI to indicate the number of PDSCH associated with the DCI from the set {1,2,3,4}. The PDSCH are assumed to be scheduled back to back with a fixed pre-determined gap if necessary.
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