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1.
Introduction

RAN1#48 endorsed the MBSFN CRs [1,…, 9] as a set of baseline CRs [10]. As quite a number of changes to support MBSFN operation have been introduced without much discussion or analysis. This document reviews some of t the choices taken and seeks further clarification of the motivation of those choices. We note especially that for broadcast technology there may be some limitations in the possibilities to further enhance the MBSFN physical layer due to backwards compatibility constratints once such services are introduced. Therefore we feel that it is important to understand the basis of some of the decisions made in the physical layer design, so as to verify that they are not overly limiting in the near future.
2.
Discussion
2.1
Supported slot formats for MBSFN FDD
In [2] the supported slot formats for MBSFN FDD are limited to SF8 with 16QAM but can go to SF4 for QPSK. This approach obviously does not increase the number of bits per TTI due to the usage of 16QAM, but this should be further discused when the UE capabilities for supporting MBSFN FDD are discussed. As well as providing for the possibility of higher data rate services over MBSFN, the support of 16 QAM using SF4 could be beneficial in certain circumstances for providing UE power saving oppurtunities by scheduling the MBSFN transmissions over a shorter time. We would welcome other companies views on whether the addition of SF4 16QAM slot formats would be a worthwhile  One proposal for a SF4 based 16QAM slot format is shown for information in Annex A, 
2.2
Time multiplexing of services for MBSFN FDD

One possibility which we consider may be useful for MBSFN FDD is time multiplexing of services, which would allow opportunities for UE power saving by switching the MBSFN receiver off during periods when services not being received by the user are being broadcast.

In principle, the MSCH which has been developed in release 6 allows for such scheduling of MBMS services, and a similar concept could be used for time multiplexing of release 7 MBSFN FDD services. 

Related to, but independently of the discussion on SF=4 for MBSFN FDD, we see that such time multiplexing of services is closely related to UE capabilities, since the implication is that the UE would need to be capable of receiving a higher data rate during the active TTIs in order to allow for power saving opportunities in the inactive TTIs.  If we can agree now on the principle that time multiplexing of services on MBSFN FDD may be a useful technique for power saving, we believe that it would then be necessary to gain an understanding of the likely ranges of the  number of individual services that can be received, the number of services that the user would be interested in receiving in parallel and the  maximum number of services that can be supported on a given MBSFN physical channel, so that appropriate MBSFN service multiplexing patterns can be considered. Within this analysis, it may also be beneficial to consider the possibilities of shorter TTIs for MBSFN than in release 6 MBMS, to provide for reasonable UE capababilities and the possibility of lower cost terminals. 
Finally, we note that time multiplexing of MBSFN services could create some opportunities for serving both the unicast and multicast carriers with a single local oscillator based receiver. While we would not consider this to be a primary motivation for time multiplexing of services for MBSFN TDD, there could be a beneficial side effect of creating the possibility for lower cost MBSFN terminals.
2.3
Use of TDM pilot for MBSFN FDD

The support of a time multiplexed dedicated pilot and DTX of the SCCPCH channels and the benefit of this proposal in an SFN environment is unclear. The assumed maximum propagation delay difference of 33 (s corresponds to 50% of the dedicated pilot field duration meaning that the SCH channel proposed in [11] to be used as TDM pilot may still be quite significantly interfered by the data bits of the other radio links. Furthermore the need to perform DTX of the SCCPCH reduces the number of physical layer bits available for data transmission by 10% resulting in somewhat lower coding gain. Thus, there may be value in performing a more detailed performance evaluation of the slot formats to be supported with TDM pilot to ensure optimal MBSFN performance. It should be noted that the proposed perfrormance evaluation of slot formats with TDM pilot is isolated and has no implications to other parts of the functional specifications.
2.4
Midamble period for MBSFN TDD

The need for longer midamble in the new burst type 4 compared to the existingburst type 2 as introduced in [6] has not been analysed. Also, an analysis of the robustness of the TDD TDM pilot, which is sampled every 0.67 ms, in a highly time dispersive SFN environment for medium to high speed is also lacking. We believe that it may be beneficial to make a further performance analysis to verify that the proposed midable length is an appropriate choice for the MBSFN environment, whilst not being unnecessarily wasteful of capacity. As with the FDD case it should be noted that the proposed performance evaluation of the pilot structure can be isolated from other work that may need to be carried out.
2.5
Guard period for MBSFN TDD in burst type 4
The selection of 192 chip guard period corresponding to 7.5% of the slot and supporting 50 (s delay spread also seems to be lacking analysis. Moreover, the support of 50 (s in RAN1 specifications is also contradictory to the assumed 33 (s delay spread in the objectives of the work item and the discussions so far in RAN4 for the assumed worst case radio channel model on which requirements would be based [12]. The motivation was only shortly commented in [13]. We note that it is planned to discuss the radio propagation conditions futher in a joint session with RAN4 in the Kobe meeting, and we believe that it would be good to agree maximum delay spread which should be supported by an MBSFN UE. Typically RAN4 would then develop requirements scenarios which ensured good receiver performance at the maximum supported delay spread, and the guard period defined in RAN1 should then not need to support a greater delay spread.
Most likely the 192 chip guard period length is sufficient, but it may also be unnecessarily wasting part of the capacity, and there may be benefit in considering a shorter guard period. We note that for 3.84Mcps TDD, a 128 chip guard period would correspond to 33 (s and would reduce the guard period overhead from 7.5% of a slot to 5% of a slot.  Corresponding savings on the midamble would result in an overall saving of 7.7% just resulting from this GP adaptation.
2.6
Possible additional burst type in MBSFN TDD optimized for DL only operations

We believe that one likely common deployment scenario for MBSFN TDD is to use the TDD carrier for pure MBSFN operation in all timeslots. So far, we believe that no analysis has been provided on the need for a guard period with DL only TDD operation and the initial indication would be that the guard period is not necessary, since downlink to uplink switching is no longer an issue. 
As noted, the proposed 50 (s  guard period corresponds to an overhead of 7.5% and it it would appear to be worthwhile considering whether it should be removed entirely when the MBSFN network is being operated with a pure DL only configuration. Therefore we could consider either removing the guard period altogether or introducing a new DL burst type 5, which would be optimized for DL only operations, and would not include a GP. In the latter case the compatibility of UEs with both burst type 4 and burst type 5 would need further consideration, and it may be necessary to consider (for example) making use of burst type 4 for transmission of the PCCPCH, and provdinding information on the burst types used in other slots in system information.
2.7
Impact to cell search of the new burst type introduced MBSFN TDD

It is not clear whether the new burst type would cause undesirable effects to a non-MBSFN capable terminal doing cell search as such terminals would be able to find the synchronization channel but would not be able to decode PCCPCH. This may, for example, greatly increase the amount of time taken for the non-MBSFN terminal to get into service. Obviously these kinds of problems will not occur if other TDD systems are not assumed to be in use in the same area with the MBSFN. The MBSFN terminal then needs to either blindly detect how to do cell search or only try cell search assuming the new burst type supporting MBSFN operation.
3.
Conclusions

A number of possible areas which may need to be considered have been identified from our review of the FDD and TDD physical layer enhancements baseline CRs in [1-8]. As noted, once a broadcast system is deployed the constraints of backwards compatibility mean that further enhancements are more difficult to make than they would be if they were considered initially. We therefore welcome discussion on the topics raised in this paper, so that we can gain understanding of the motivation of the choice some of the key parameters mentioned, to ensure that the MBMS enhancements physical layer gives the expected performance and capacity.
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Annex A : Possible additional slot format 31 for SF4, 16QAM operation on MBSFN FDD
Table 18: Secondary CCPCH fields 

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Frame
	Bits/ Slot
	Ndata1
	Npilot
	NTFCI

	0
	30 
	15
	256
	300
	20
	20
	0
	0

	1
	30 
	15
	256
	300
	20
	12
	8
	0

	2
	30 
	15
	256
	300
	20
	18
	0
	2

	3
	30 
	15
	256
	300
	20
	10
	8
	2

	4
	60 
	30
	128
	600
	40
	40
	0
	0

	5
	60 
	30
	128
	600
	40
	32
	8
	0

	6
	60 
	30
	128
	600
	40
	38
	0
	2

	7
	60 
	30
	128
	600
	40
	30
	8
	2

	8
	120 
	60
	64
	1200
	80
	72
	0
	8*

	9
	120 
	60
	64
	1200
	80
	64
	8
	8*

	10
	240 
	120
	32
	2400
	160
	152
	0
	8*

	11
	240 
	120
	32
	2400
	160
	144
	8
	8*

	12
	480 
	240
	16
	4800
	320
	312
	0
	8*

	13
	480 
	240
	16
	4800
	320
	296
	16
	8*

	14
	960
	480
	8
	9600
	640
	632
	0
	8*

	15
	960
	480
	8
	9600
	640
	616
	16
	8*

	16
	1920 
	960
	4
	19200
	1280
	1272
	0
	8*

	17
	1920 
	960
	4
	19200
	1280
	1256
	16
	8*

	18
	30
	15
	256
	300
	20
	16
	2*
	2

	19
	60
	30
	128
	600
	40
	34
	4*
	2

	20
	120
	60
	64
	1200
	80
	64
	8*
	8*

	21
	240
	120
	32
	2400
	160
	136
	16*
	8*

	22
	480
	240
	16
	4800
	320
	280
	32*
	8*

	23
	960
	480
	8
	9600
	640
	568
	64*
	8*

	24
	1920
	960
	4
	19200
	1280
	1144
	128*
	8*

	25**
	60
	15
	256
	600
	40
	36
	4*
	4

	26**
	120
	30
	128
	1200
	80
	68
	8*
	4

	27**
	240
	60
	64
	2400
	160
	128
	16*
	16*

	28**
	480
	120
	32
	4800
	320
	272
	32*
	16*

	29**
	960
	240
	16
	9600
	640
	560
	64*
	16*

	30**
	1920
	480
	8
	19200
	1280
	1136
	128*
	16*

	31**
	3840
	960
	4
	38400
	2560
	2288
	256*
	16*


* If TFCI or pilot bits are not used, then DTX shall be used in TFCI and pilot field. 

** Slot formats applicable to 16QAM. See subclause 4.3.5.1.1 in [3] for mapping TFCI bits on 16QAM slot formats.

