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In this document we provide our views regarding the following questions relating to Layer 1 signaling support of Rel-14 FeMBMS:
Question 1:	How is unicast traffic scheduled in non-mbsfn subframes?
Question 2:	Is additional signalling required to prevent non-compatible UEs from attempted to camp on FeMBMS carriers?
Question 3:	How is MCCH change indication supported?
Question 4:   How do we signal to UEs the extra MBSFN SFs?
Question 5:	How do we change to and from 100% SF usage?
Discussion 
Question 1:	How is unicast traffic scheduled in non-mbsfn subframes?
The WID [1] states that unicast should be supported as a SCell, but does not indicate if unicast traffic on that SCell should be scheduled using its own PDCCH or alternatively, by using the PDCCH of the PCell (both are options for existing carrier aggregation operation).  In order to support unrestricted scheduling via its own PDCCH, the FeMBMS carrier would need to support a PDCCH in both non-MBSFN and non-MBSFN subframes, in order to support the ACK/NACK responses (via the DL PHICH) for PUSCH traffic.  However previous Ran1#86 agreements (see below), imply that all SFs supporting PMCH using the new CP length do not have a unicast region.  If no unicast region is specified for a MBSFN SF, that SF cannot support ACK/NACK responses sent (via the PHICH) for PUSCH transmissions sent in previous non-MBSFN SFs (there is fixed “synchronous” timing relationship between PUSCH and expected ACK/NACK).
From RAN1#86:
· Agreements in respect of at least objectives a, b and c:
· If a carrier is operated with less than 100% MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported
· This carrier has at least subframes 0 and 5 of each radio frame as non-MBSFN subframes
· FFS: Further CRS reductions
· This carrier can be configured without unicast control region in a subset of the MBSFN subframes (including all of them) 
· The UE is not expected to receive PDSCH/(E)PDCCH in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with numerologies other than the new CP length in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with the new CP length in MBSFN subframes with unicast control region

Given the additional effort required to define a new method (e.g. asynchronous PUSCH) to support PHICH PUSCH ACK/NACK when a PDCCH cannot always be guaranteed in all subframes, it is recommended that cross-carrier scheduling is always used for FeMBMS SCells supporting unicast where there is at least one subframe not supporting a unicast region.
For FeMBMS SCells supporting unicast where all subframes (MBSFN and non-MBSFN) support a unicast control region (e.g. all the MBSFN subframes present are using the extended legacy CP), the PCell could in principal configure same-carrier scheduling.  
Proposal 1:		For a carrier operating with less than 100% MBSFN subframe allocation, where one or more of the MBSFN subframes do not support a unicast control region (i.e. those supporting the new longer CP), only cross-carrier scheduling is supported.
Proposal 2:		For a carrier operating with less than 100% MBSFN subframe allocation, where all the MBSFN subframes support a unicast control region (e.g. those supporting the legacy extended CP only), either same-carrier or cross-carrier scheduling are supported.
Question 2:	Is additional signalling required to prevent non-compatible UEs from attempting to camp on FeMBMS carriers?
By using the same cell acquisition procedures as legacy for <100% MBSFN allocation (RAN1#86 agreement below), a non-compatible legacy UE (see RAN1#84bis agreement below) may attempt to acquire synchronisation, PBCH and SIB1 from a non-compatible FeMBMS carrier, wasting time and power.   
	RAN1#84bis
· Objectives b and c mean that legacy UEs cannot be scheduled on the carrier
RAN1#86bis  
For synchronization and acquisition of system information on FeMBMS carrier: 
•	For <100% MBSFN subframes the legacy sync and SI acquisition procedures are reused based on subframe #0 and #5
To reduce UE time and power lost in attempting to camp on this now incompatible cell, it has been suggested in [4], that the FDD positions of the PSS and SSS could be interchanged.  If interchanging the PSS and SSS does not contravene the RAN1#86bis agreement below, it is proposed that this method be selected to help reduce the time/power expended by legacy UEs attempting to camp on Release-14 configured FeMBMS configured cell.
RAN1#86
· eMBMS enhancements do not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS 

Note, this simple technique could also be applied to the 100% MBSFN FeMBMS allocation.
Proposal 3:	For a Rel-14 eMBMS carrier (100% or < 100% MBSFN allocation), the PSS and SSS positions are interchanged.
Question 3:	How is SI and MCCH change indication supported?
As per previous RAN1/2 decisions (see below), there is a target to use a common design for indicating MCCH and SI change notification.  

At RAN1#86bis:

•	Inform RAN2 that SI modification notification can be conveyed to the UE with Direct Indication signalling.
At RAN2#95bis:

8. 	RAN2 target common design for MCCH and SI modification notification indication.

For the <100% MBSFN allocation carrier case, the above agreements could be most easily met by modifying the existing method to indicate MCCH information change. 

Currently for legacy UEs, MCCH information change notifications are sent periodically on PDCCH using DCI format 1-C, in MBSFN subframes only. These MCCH information change notification occasions are common for all MCCHs that are configured by parameters broadcast in SystemInformationBlockType13 [2]: 

· notificationRepetitionCoeff-r9   ENUMERATED {n2, n4}
· The change notification repetition period used is the lowest modification period/notificationRepetitionCoeff of the all MCCHs (up to 8, 1 for each MBSFN area) that are configured. Value n2 corresponds to coefficient 2, and so on 
· notificationOffset-r9 				INTEGER (0..10), 
· Indicates, together with the notificationRepetitionCoeff, the radio frames in which the MCCH information change notification is scheduled i.e. the MCCH information change notification is scheduled in radio frames for which: SFN 
· mod notification repetition period = notificationOffset.
· notificationSF-Index-r9 			INTEGER (1..6)
· Indicates the subframe used to transmit MCCH change notifications on PDCCH. 
· FDD: Value 1, 2, 3, 4, 5 and 6 correspond with subframe #1, #2, #3 #6, #7, and #8 respectively. 
· TDD: Value 1, 2, 3, 4, and 5 correspond with subframe #3, #4, #7, #8, and #9 respectively. 

Key modifications include:

· DCI1-C now has a bit to indicate SI-change
· This bit would have the same function as the paging message systemInfoModification field does for current legacy UEs in RRC_IDLE and in RRC_CONNECTED modes.
· Even with 8 bits being used to indicate MCCH change (1 bit for each MBSFN area MCCH), there are reserved bits available for this purpose.
· RAN2 can also consider if additional bits are required to indicate ETWS and CMAS.
· The timing configuration for this change notification DCI is now indicated in the first SIB
· If SIB13 is not part of the first SIB (pending RAN2 decision), then using the first SIB would allow Rel-14 UEs using the FeMBMS carrier for unicast only, to avoid having acquire SIB13 just to determine where SI-change notification is sent.
· Currently for an SCell, EUTRAN provides, via dedicated signalling in the PCell, all system information relevant for operation in RRC_CONNECTED when adding the SCell (radioResourceConfigCommonSCell).  Upon a change of the relevant system information of an already configured SCell, the E-UTRAN releases and subsequently adds the concerned SCell, which may be done with a single RRCConnectionReconfiguration message (sCellToReleaseList and sCellToAddModList are used).
· The notificationSF-Index timing configuration is extended to cover all available subframes, rather than just 6
· The alternative of fixing this change notification DCI to a specific subframe (e.g. SF0 or SF5) seems unnecessarily restrictive.
· Note, that the network needs to ensure that subframes utilising the new CP numerology are not selected, since those subframes do not support PDCCH.


In [5], it is proposed For the <100% MBSFN allocation carrier case, that SI and MCCH change notifications are conveyed in the MIB similar to supporting systemInfoValueTag field in NB-IoT. In addition, in [6], it is proposed that MCCH change notification is not needed, so this field might not be needed.

Proposal 4:	For a Rel-14 FeMBMS carrier operating with less than 100% MBFSN subframe allocation, the current DCI format 1-C used to indicate MCCH change, is extended to also indicate SI change.
Proposal 5:	For a Rel-14 FeMBMS carrier operating with less than 100% MBFSN subframe allocation, the repetition period, radio frame offset and subframe of the combined MCCH and SI change DCI are provided in the first SIB and extended to permit usage of all subframes with a PDCCH region.
Proposal 6:	For a Rel-14 FeMBMS carrier operating with 100% MBFSN subframe allocation, MCCH change notification (if needed) and SI modification notification are given in the MIB.

Question 4:   How do we signal to UEs the extra MBSFN SFs?
Currently SIB2 provides the information necessary for a UE to determine which subframes in which radioframes are reserved for MBSFN traffic.  For the Release 14 FeMBMS carrier it is proposed that a rel-14 version of the MBSFN-subframeConfig IE is created for the <100% FeMBMS carrier that indicates the 8 possible subframes that can be used.
Example of new signalling:
subframeAllocation-r14					CHOICE {
		oneFrame							BIT STRING (SIZE(8)),
		fourFrames							BIT STRING (SIZE(36))
	}

Proposal 7:	For a Rel-14 FeMBMS carrier operated with less than 100% MBFSN subframe allocation, SI is used to indicate which subframes are allocated to MBSFN traffic.
In [3], it is argued that single subframes using the new CP numerology with the (3,2) RS pattern, should not be configured “in order for the receiver to formulate a proper channel estimate for the 200us CP case”.   This argument led to the following proposal [3]:
Proposal #2: For the 200us CP configuration, an RS pattern with a stagger period of 2 requires that at least 2ms be allocated to a PMCH corresponding to one MBSFN area. This will allow for proper channel estimation at the UE receiver.
Assuming the (3,2) pattern is adopted, then our simulations (see Figure 1) of a single subframe BLER indicate that there is indeed a significant loss in performance (~8 dB @ 1% BLER) with the 64QAM.  However, if a lower MCS/TBS is acceptable (e.g. 16QAM) then the performance loss is arguably tolerable (~1 dB @ 1% BLER).  
[image: ]
Figure 1:   Single and paired subframe performance with the (3,2) pattern
Given this observation, it is proposed that RAN1 inform higher layer groups if they wish to limit usage/testing of single subframes using the longer CP or alternatively keep it as a deployment choice.  Note, higher layers are not restricted to supporting even numbers of bundled SFs using the new CP, they can also bundle odd numbers (>1) of SFs.
Proposal 8:	RAN1 request other groups to consider if it is necessary to prohibit the allocation of single MBSFN subframes using the new numerology. 
Question 5:	How do we change to and from 100% SF usage?
Given the SA requirement to support flexible allocation of SFs to MBSFN and unicast traffic and the RAN1#86bis decision to support a very different synchronisation method (CAS) for the 100% MBSFN SF allocation scenario, it is proposed that each time a UE is made aware of SI change that could potentially lead to 100% MBSFN SF allocation, that either:
Option 1:	UEs are required to search for both formats of synchronisation in the event of SI change notification, irrespective of the current MBSFN SF allocation (80% or less).
Option 2:	The DCI indicating SI change notification includes an additional bit to indicate if the synchronisation method (legacy or CAS) is about to change.
Since the eMBMS services are expected to be in general delay tolerant and all UEs will need the capability to check for both synchronisation methods for initial acquisition, option 1 is considered adequate.
Proposal 9:	UEs are required to search for both formats of synchronisation in the event of SI change notification, irrespective of the current MBSFN SF allocation (80% or less).

Conclusions
In this contribution, we have discussed several issues relating to the lower layer signalling support for Release 14 FeMBMS carriers. From those discussions we have the following proposals for RAN1 to discuss:
Proposal 1:	For a carrier operating with less than 100% MBSFN subframe allocation, where one or more of the MBSFN subframes do not support a unicast control region (i.e. those supporting the new longer CP), only cross-carrier scheduling is supported.
Proposal 2:	For a carrier operating with less than 100% MBSFN subframe allocation, where all the MBSFN subframes support a unicast control region (e.g. those supporting the legacy extended CP only), either same-carrier or cross-carrier scheduling are supported.
Proposal 3:	For a Rel-14 eMBMS carrier (100% or < 100% MBSFN allocation), the PSS and SSS positions are interchanged.
Proposal 4:	For a Rel-14 FeMBMS carrier operating with less than 100% MBFSN subframe allocation, the current DCI format 1-C used to indicate MCCH change, is extended to also indicate SI change.
Proposal 5:	For a Rel-14 FeMBMS carrier operating with less than 100% MBFSN subframe allocation, the repetition period, radio frame offset and subframe of the combined MCCH and SI change DCI are provided in the first SIB and extended to permit usage of all subframes with a PDCCH region.
Proposal 6:	For a Rel-14 FeMBMS carrier operating with 100% MBFSN subframe allocation, MCCH change notification (if needed) and SI modification notification are given in the MIB.
Proposal 7:	For a Rel-14 FeMBMS carrier operated with less than 100% MBFSN subframe allocation, SI is used to indicate which subframes are allocated to MBSFN traffic.
Proposal 8:	RAN1 request other groups to consider if it is necessary to prohibit the allocation of single MBSFN subframes using the new numerology. 
Proposal 9:	UEs are required to search for both formats of synchronisation in the event of SI change notification, irrespective of the current MBSFN SF allocation (80% or less).
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