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Introduction
In the approved Rel-14 work item (WI) on “Further enhanced MTC for LTE” [1] one of the WI objectives is the following:
· Extend Rel-13 SC-PTM to support multicast downlink transmission (e.g. firmware or software updates, group message delivery)
· Introduction of necessary enhancements to support narrowband operation, e.g. support of MPDCCH, and coverage enhancement, e.g. repetitions

A general discussion of SC-PTM can be found in [2]. In RAN1#86bis meeting, regarding Multicast, the followings are agreed:
· Max channel bandwidth and max TBS for SC-MTCH PDSCH transmission to BL/CE UEs:
· Option 1: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)
· Option 2: Configurable per SC-MTCH (with minimum maximum values of 6 PRBs and 1000 bits)
· Max channel bandwidth and max TBS for SC-MCCH PDSCH transmission to BL/CE UEs:
· Option A: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)
· Option B: Configurable per SC-MCCH (with minimum maximum values of 6 PRBs and 1000 bits)
· From physical layer point of view,
· All four options are feasible.
· Option 2 may have performance benefits over Option 1.
· The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 
· Send LS to RAN2 to
· Inform RAN2 that RAN1 assumes the maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE
· Request RAN2 to inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in FeMTC.
· Request RAN2 to inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14.
· For the search space scheduling SC-MCCH
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS for MPDCCH
· Rmax, and G values are configured per SC-MCCH by higher layers
· FFS the configuration of other parameters, e.g., narrowband. 
· Frequency hopping is supported in multicast to BL/CE UEs at least for max PDSCH channel bandwidth of 6 PRBs.
· FFS whether the frequency hopping is controlled by the same SIB parameters as other DL transmissions or by separate SIB parameters and/or DCI

In RAN2#95bis meeting, regarding Multicast, the followings are agreed:
· R2 expect that RAN1 specifies physical layer coverage enhancement methods e.g. repetitions, power boosting etc
· FFS if we have CE levels definition for SC-PTM
· UE need to know whether to attempt to receive a SC-PTM transmission or not, based on the UE radio conditions vs. the expected coverage of the SC-PTM transmission. FFS if the UE can do this based on knowing MCS and repetitions 
· Different multicast services may have different coverage enhancement levels, which should be configurable depending on the need for a particular coverage enhancement for that service.
· The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.
· In Rel-14 we will not have a solution with feedback. 
· We don’t spend effort to introduce assistance from UE for SC-PTM CE level control in Rel-14
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically. 
· We assume we need to support large values for SC-MCCH modification period, repetition period. Exact values FFS
· RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 
· SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH. FFS if there can be multiple SC-MCCH
· FFS whether we enhance service continuity information
· FFS whether RAN-level start/stop time information is introduced.
· We will attempt to optimize start and stop conditions of DRX timers for SC-MTCH. Details FFS. 
· We consider to make the following agreement (working assumption for now):
· 	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
· 	MO (except signalling) vs SC-PTM: UE implementation
· 	MO signalling vs SC-PTM: MO signalling has priority. 
· We will make enhancements that are applicable to NB-ioT and / or feMTC EC (where we currently do ranking). The exact solution is FFS.
· SC-PTM is supported only in IDLE also for feMTC 
Based on the current progress of the multicast study, in this contribution we discussion some of remaining issuing from L1 perspective. 
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DCI size of SC-PTM
From the RAN2 agreement, we can see that SC-MCCH for FeMTC and NB-IoT is scheduled dynamically. From our discussion in [7], we can see that the number of bits that are needed in the DCIs that schedule the SC-MCCH and SC-MTCH payloads are less than the DCIs that schedule unicast PDSCH. Therefore, a new DCI format can be designed for the scheduling of SC-MCCH and SC-MTCH payload. Moreover, a reduced size of DCI can be designed. The benefit of using a reduced size of DCI is that the code rate can be further lowered, and therefore the robustness can be improved (see previous studies in [8][9]). This is very beneficial from coverage and reliability point of view. Therefore, it is proposed that
The DCIs that schedule the payload of SC-MCCH and SC-MTCH should be smaller than DCI-format 6-1B. 

L1 feedback
From RAN1#86bis contributions [4][5], it is proposed to support L1 feedback for multicast. This might be beneficial from a reliability point of view, but to what extent this could help to improve the reliability of multicast service is debatable. Usually the same multicast service is scheduled several times in a cell to ensure a certain level of reliability and reachability. Hence, there is already retransmission involved. Moreover, due to the broadcast nature of the service, there would always be UEs that can have errors in the received packages, e.g., due to fading, and therefore, if feedback is used, there will almost always be UEs reporting NACK for a given package. Such information at the eNB may not be so helpful from a L1 perspective, as it does not provide enough information of what could be the proper response the eNB should take. Moreover, the foreseeable standardization effort to support L1 feedback is expected to be relatively large, especially considering the remaining time of this WI. Hence, it is proposed that 
No L1 feedback is supported for multi-cast service in FeMTC in Rel-14. 

Support of larger bandwidth and TBS
The Rel-14 FeMTC supports larger bandwidth and TBS compared to Rel-13 eMTC. Therefore, it is also beneficial if larger bandwidth and TBS are supported by SC-PTM. Since it is agreed in FeMTC that the MPDCCH bandwidth is the same as eMTC, i.e., within 6 PRBs, it is natural that the MPDCCH that carries the DCIs scheduling the payload of SC-MCCH and SC-MTCH should also follow the same principle. 
The bandwidth of MPDCCH that carries the DCIs scheduling the payload of SC-MCCH and SC-MTCH should be within 6 PRBs.
For the PDSCH carrying the payload of SC-MCCH and SC-MTCH, it is beneficial to support higher bandwidth and larger TBS while maintain backward compatibility for the Rel-13 eMTC UEs. Regarding SC-MCCH, in order to maintain a simple solution, it is better to limit the bandwidth and TBS as the Rel-13 eMTC UEs, since SC-MCCH is targeting all the UEs in a cell that are interested in SC-PTM service. However, for SC-MTCH, since the service can be targeted to different groups of UEs with different capabilities, it is beneficial to have the support of larger bandwidth and TBS. And this configuration can be provided in the SC-MCCH. 
For PDSCH carrying the payload SC-MCCH, assume the Rel-13 eMTC limitations on PDSCH channel bandwidth and TBS. 
Larger bandwidth and TBS can be configured for a particular SC-MTCH payload transmission. And the configurations should be provided in the SC-MCCH. 

SC-PTM collision handling
Regarding priority, RAN2 has the following agreement
· We consider to make the following agreement (working assumption for now):
· 	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
· 	MO (except signalling) vs SC-PTM: UE implementation
· 	MO signalling vs SC-PTM: MO signalling has priority. 
Since paging has higher priority than SC-PTM, a UE needs to listen to its PO while receiving SC-PTM. However, the eNB does not know whether there is a paging DCI until a UE needs to be paged. Moreover, different UEs need to monitor different POs. Then when no paging messages needs to be transmitted, the eNB can simply transmit the multicast messages. If the search space of SC-PTM overlaps with Type-1 CSS where a UE needs to monitor its paging, the UE is not required to monitor subframes (SFs) which are its PO. To be more specific, the eNB would still transmit the SC-PTM in the SFs that a particular UE would not monitor, since these SFs may be used by other UEs that monitor different POs. The eNB scheduler can then take this into account when deciding the number of repetitions that should be used to ensure a desired coverage. 
However, in the cases that the network needs to page a UE in a PO, then the eNB scheduler should make sure there is no collision between paging and SC-PTM transmission, and after receiving the paging DCI, the UE should abort the SC-PTM reception. 
If the search space of SC-PTM overlaps with Type-1 CSS where a UE needs to monitor its paging, the UE is not required to monitor the PO for SC-PTM transmission. 
If the SC-PTM SFs, both for control and data channel, that collide with sync channel, PBCH, and SIBs, in order to simply the design, we can follow the same principle for collision handling in Rel-13 eMTC. For Rel-13 eMTC, the followings rules are applied regarding collision between MPDCCH/PDSCH and sync channel, PBCH, and SIBs
· In case of collision between SIB1-BR transmissions and MPDCCH/PDSCH repetitions,
· Drop MPDCCH/PDSCH subframe, the unavailable subframe is counted in the repetition
· In case of collision between scheduled SI transmissions and a MPDCCH/PDSCH repetition in the same narrowband in a subframe
· The UE shall assume MPDCCH/PDSCH in the subframe is dropped, and the unavailable subframe is counted in the repetition
· Resource elements belonging to synchronization signals, the core part of PBCH or PBCH repetitions shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.
· Resource elements belonging to synchronization signals, the core part of PBCH or PBCH repetitions shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.

Therefore, it is proposed that 
In case of collision between SC-PTM sync channel, PBCH, and SIBs, the collision is handled in the same way as Rel-13 eMTC.
 
SC-MCCH change notification
Currently, a modification period concept, similar to what is used for system information change, is used for SC-MCCH change. This means that change of SC-MCCH can occur only on the modification period boundaries, and the boundaries are defined by SFN mod m = 0, where m is the length of the modification period.
RAN has agreed that “RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS.” From RAN1 perspective, there is no foreseeable impact, especially if P-RNTI is adopted for this purpose.  
Use Direct Indication message for change notification of SC-MCCH content has no RAN1 impact, especially when P-RNTI is adopted for this purpose. 
In RAN1#86bits, in [10], it was proposed that “SC-MCCH change notifications can be indicated in the DCI scheduling SC-MCCH and/or the DCI scheduling SC-MTCH”. In the view of the sourcing company, this is not necessary. First, it was agreed that a UE would not monitor the search space of SC-MCCH and SC-MTCH at the same time, and therefore, if the above mentioned solution is adopted, the change notification needs to be carried in both the DCIs that are used for the direction indication and SC-MTCH. From the RAN2 agreement we can see that a UE is always required to monitor paging while receiving SC-PTM. Therefore, using direct indication message can cover a larger group of UEs.  
It is not necessary to carry SC-MCCH change notification in the DCIs that schedule SC-MCCH and/or SC-MTCH. 
However, as discussed in our paper [7], it can be beneficial to indicate the relevance of the SC-MCCH change notification to a particular SC-MTCH. This is because, if the configuration of an ongoing SC-MTCH is not affected by the SC-MCCH change, then the UEs listening to this SC-MTCH do not need to go and read the updated SC-MCCH changes. 
 It is beneficial to indicate the relevance of the SC-MCCH change notification to a particular SC-MTCH in the DCI that schedules the SC-MTCH. 

Frequency hopping
Regarding frequency hopping, in RAN1#86bits we have the following agreements:
· Frequency hopping is supported in multicast to BL/CE UEs at least for max PDSCH channel bandwidth of 6 PRBs.
· FFS whether the frequency hopping is controlled by the same SIB parameters as other DL transmissions or by separate SIB parameters and/or DCI

Since Rel-13 eMTC supports frequency hopping, the support of frequency hopping for multicast is necessary. This is because, if frequency hopping is enable for other channels, it is very important that the multicast channels hop in the same way in order to avoid collisions. Therefore, for MPDCCHs that carry the DCIs that schedule the SC-MCCH and SC-MTCH payloads, the hopping should be controlled in the same way as in Rel-13 eMTC, i.e., indicated in the SIB, and the same hopping patterns should apply. 
For MPDCCHs carrying the DCIs that schedule the SC-MCCH and SC-MTCH payloads, the hopping should be controlled in the same way as the Rel-13 eMTC. 
For PDSCHs that carry the payload of SC-MCCH and SC-MTCH, depending on the bandwidth, it can follow the Rel-13 eMTC design when the bandwidth is within a narrowband, or follow the same way as the Rel-14 design for the larger bandwidth case. Please refer to our contribution [11] for more details. 
For PDSCHs carrying the payloads of SC-MCCH and SC-MTCH, when the allocated bandwidth is within one narrowband, the Rel-13 frequency hopping design should be used. 
For PDSCHs carrying the payloads of SC-MTCH, when the allocated bandwidth is larger than one narrowband, the Rel-14 frequency hopping design should be used. 

Conclusion
Based on the discussion in Section 2 we have the following observations and proposals:
1. The DCIs that schedule the payload of SC-MCCH and SC-MTCH should be smaller than DCI-format 6-1B. 
1. No L1 feedback is supported for multi-cast service in FeMTC in Rel-14. 
1. The bandwidth of MPDCCH that carries the DCIs scheduling the payload of SC-MCCH and SC-MTCH should be within 6 PRBs.
1. For PDSCH carrying the payload SC-MCCH, assume the Rel-13 eMTC limitations on PDSCH channel bandwidth and TBS. 
1. Larger bandwidth and TBS can be configured for a particular SC-MTCH payload transmission. And the configurations should be provided in the SC-MCCH. 
1. If the search space of SC-PTM overlaps with Type-1 CSS where a UE needs to monitor its paging, the UE is not required to monitor the PO for SC-PTM transmission. 
1. In case of collision between SC-PTM sync channel, PBCH, and SIBs, the collision is handled in the same way as Rel-13 eMTC. 
1. Use Direct Indication message for change notification of SC-MCCH content has no RAN1 impact, especially when P-RNTI is adopted for this purpose. 
1. It is not necessary to carry SC-MCCH change notification in the DCIs that schedule SC-MCCH and/or SC-MTCH. 
1. It is beneficial to indicate the relevance of the SC-MCCH change notification to a particular SC-MTCH in the DCI that schedules the SC-MTCH.
1. For MPDCCHs carrying the DCIs that schedule the SC-MCCH and SC-MTCH payloads, the hopping should be controlled in the same way as the Rel-13 eMTC. 
1. For PDSCHs carrying the payloads of SC-MCCH and SC-MTCH, when the allocated bandwidth is within one narrowband, the Rel-13 frequency hopping design should be used. 
1. For PDSCHs carrying the payloads of SC-MTCH, when the allocated bandwidth is larger than one narrowband, the Rel-14 frequency hopping design should be used. 
We have also provided a draft reply LS in the appendix at the end of this contribution.
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Appendix: Draft LS reply to RAN2
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Title:	[draft] LS reply on coverage enhancement in SC-PTM for FeMTC and eNB-IoT
Response to:	LS on coverage enhancement in SC-PTM for FeMTC and eNB-IoT (R1-1611083)
Release:	Rel-14
Study Item:	LTE-feMTC-Core, NB_IOTenh-Core

Source:	Ericsson (to be TSG RAN WG1)
To:	TSG RAN WG2

Contact Person:	
Name:	Yutao Sui
Tel. Number:	+46107138934
E-mail Address:	yutao.sui@ericsson.com


1. Overall Description:
According to the received Liaison Statement:

RAN2 discussed the coverage enhancements within the context of RSRP/RSRQ measurements and configured CE levels required for succesfull multicast transmission/reception for eMTC and NB-IoT UEs. The following agreements were made:

R2 expects that RAN1 specifies physical layer coverage enhancement methods e.g. repetitions, power boosting etc.
FFS if we have CE levels definition for SC-PTM
UE needs to know whether to attempt to receive a SC-PTM transmission or not, based on the UE radio conditions vs. the expected coverage of the SC-PTM transmission. FFS if the UE can do this based on knowing MCS and repetitions 
Different multicast services may have different coverage enhancement levels, which should be configurable depending on the need for a particular coverage enhancement for that service.
The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.

And, the action to be taken by RAN1 is as follows: 

RAN WG2 kindly asks RAN WG1 to discuss whether CE levels are defined for SC-PTM and define how physical layer coverage enhancement pointers are mapped to multicast channels, e.g. CE levels similar to PRACH, repetitions similar to unicast etc.

From RAN1 perspective the methods used for coverage enhancement for SC-PTM are same as other physical channels in FeMTC and NB-IoT. That is the coverage enhancement is done through repetitions for FeMTC and through a combination of repetitions and power boosting for NB-IoT. It is not necessary to define CE levels for SC-PTM. Moreover, due the implementation difference, different UEs may experience different coverage for the same SC-PTM configuration. Therefore, it is up to the UE implementation to decide whether to attempt to receive a SC-PTM service, and it is up to the network to configure the SC-PTM service to reach a desired coverage.  

2. Actions:

To TSG RAN WG2:
ACTION: 	RAN1 respectfully asks TSG RAN WG2 to take into consideration the feedback provided in this Liaison Statement.

3. Date of Next TSG-RAN1 Meetings:
TSG RAN WG1 Meeting #88		13 – 17 Feb. 2017					Athens, Greece
TSG RAN WG1 Meeting #88-bis		3 - 7 Apr. 2017 					US
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