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1 Introduction

A new WI: Evolved Multimedia Broadcast Multicast Service (eMBMS) enhancements for LTE was approved at RAN plenary #71 meeting [1]. Two of the objectives are as following:
· Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. 

· The non-MBSFN subframes for unicast can only be used as Scell
· Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals.

In this contribution, solutions to increase the number of MBSFN subframes are discussed.
2 Discussions
In current LTE specification, allocation of MBSFN subframe is limited to subframes 1, 2, 3, 6, 7, 8 for frame structure type 1 (FDD) and 3, 4, 7, 8, 9 for frame structure type 2 (TDD) as shown in Figure 1.
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Figure 1. Allocation of MBSFN subframe in Legacy LTE system.

The reasons why other subframes are not used as MBSFN subframe include:
· Subframe 4 and 9 in FDD mode and subframe 6 in TDD mode are configured as paging subframes;
· MIB is transmitted on subframe 0 over the center 6 PRBs in both FDD and TDD mode;

· Subframe 1 is a special subframe which contains DwPTS, GP and UpPTS in TDD mode;
· SIB 1 is transmitted on subframe 5;

· In the case of FDD, the PSS is transmitted within the last symbol of the first slot of subframe 0 and 5, while the SSS is transmitted within the second last symbol of the same slot;

· In the case of TDD, the PSS is transmitted within the third symbol of the first slot of subframe 1 and 6, while the SSS is transmitted within the last symbol of subframes 0 and 5;

SA1 developed requirements for transmission performance enhancement of TV service. One of the requirements is that the 3GPP network shall be able to convert network unicast capacity to network broadcast capacity and vice versa so that each can range from 0% to 100% of the capacity [2]. It means that more subframes even all subframes within the radio frame can be allocated as MBSFN subframe.
The influence of increasing number of MBSFN subframes for the case of primary cell will be discussed as follows.

2.1 Primary cell
For the primary cell where time-domain multiplexing of unicast and MBSFN has already been defined, four options could be considered to increase the number of MBSFN subframes:
· Option 1: All subframes and all PRBs in each subframe can be used for MBSFN. Both time-domain and frequency-domain multiplexing of unicast transmission and MBSFN transmission within a subframe are allowed. The resources occupied for LTE broadcast or broadband signals/channels (e.g. PSS/SSS/PBCH/SIB1/CRS/CSI-RS) are reserved or punctured.
· Option 2: The subcarriers corresponding to the center 6 PRBs are reserved in subframes 0 and 5 (FS1) and subframes 0, 1, 5 and 6(FS2). PRBs other than the center 6 PRBs are always allocated for MBSFN if the subframe is configured for MBSFN.
· Option 3: Configurable frequency-domain multiplexing between MBSFN transmission and unicast transmission in subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2). AllPRBs in other subframes are allocated for MBSFN if the subframe is configured as a MBSFN subframe.
· Option 4: Configurable frequency-domain multiplexing between MBSFN transmission and unicast transmission in all subframes.
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Figure 2. Possible multiplexing in mixed carrier. 
Increased scheduling flexibility could be achieved by option 1 for both unicast and MBSFN. The main drawback is the difficulty in reserving the essential LTE broadcast/broadband signals/channels (e.g. PSS/SSS/PBCH/CRS/CSI-RS) as different CP lengths may be applied to MBSFN transmission and these essential signals/channels. Significant standardization efforts are expected.
Option 2 can provide protection for LTE PSS/SSS/PBCH transmission at the expense of scheduling restriction for both unicast transmission and MBSFN transmission in the protected subframes. Moreover, the collision with CRS (and probably CSI-RS) may still exist. Different CP lengths may be used for unicast transmission and MBSFN transmission, operation with different CP needs more investigation.
More scheduling flexibility is possible in the protected subframes by option 3 compared to option 2. Option 2 could be regarded as an extreme case of option 3. However, frequency-domain multiplexing of unicast and MBSFN is still not allowed in the traditional MBSFN subframes (i.e. subframe 1, 2, 3, 6, 7 and 8 for FDD and subframe 3, 4, 7, 8 and 9 for TDD). The scheduling for PDSCH may have to be delayed by the MBSFN transmission. The problem of collision between CRS and MBSFN still needs be addressed.
Option 4 extends the frequency-domain scheduling to the traditional MBSFN subframes also, so better scheduling flexibility and reduced latency could be expected. The transmissions of PSS/SSS/PBCH are protected. The problem of collision between CRS and MBSFN still needs be addressed. No extra standardization effort is foreseen compared to option 2 and option 3. 
Based on the analysis above, the frequency-domain multiplexing of unicast transmission and MBSFN transmission is beneficial from system performance perspective at least for the traditional non-MBSFN subframes when more than 6 subframes are allocated for MBSFN transmission for Release 14 and onward UEs. And operation with different CP needs more investigation.
Proposal: Continue investigation of these and other options, and operation with different CP needs more investigation. 
3 Conclusions
In this contribution we discuss the the influence by increasing the number of MBSFN subframe and the following proposal is made:
Proposal: Continue investigation of these and other options, and operation with different CP needs more investigation.
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