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1 Introduction
In RAN#71, a new WI on eMBMS enhancements was approved [1]. The scope of this WI is to evaluate and specify the following:

· Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)

· Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. (RAN2, RAN1)

· 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. (RAN1, RAN2)
and also study the following:
· Support for standalone carrier with all DL subframes dedicated to MBSFN transmission and self-contained eMBMS signaling including information of SIB13, SIB15, SIB16. (RAN2)

· Support for multi-carrier eMBMS/unicast operation involving reception from one or more eMBMS cells that may be non-collocated and asynchronous with one or more cells that are simultaneously used for unicast. (RAN4, RAN2)

· Solutions where a UE can receive the TV transport service without being authenticated (RAN1, RAN2, RAN3)
In this contribution, we provide our views on several aspects related to eMBMS enhancements.

2 General discussion

Both dedicated eMBMS carriers and mixed eMBMS/unicast carriers are included in the eMBMS enhancement WID [1]. The scope in [1] includes defining larger CP duration, supporting more subframes for MBSFN, defining unicast  control free and CRS free subframes for MBSFN, studying standalone eMBMS carriers, support of multi-carrier eMBMS/unicast operation, and TB service reception without authentication. It is not well specified which enhancements are applied to dedicated eMBMS carriers only and which enhancements are applied to both dedicated eMBMS carriers and mixed eMBMS/unicast carriers. Furthermore, it is not clear what enhancements are needed for the unicast traffic on a mixed eMBMS/unicast carrier employing some of the enhancements in this WI. 
In this section, we analyze each objective in [1], from the following aspects:

· What are the necessary designs to support the objective
· Is this enhancement applicable to dedicated eMBMS carrier and/or mixed eMBMS/unicast carrier

· What are the implications for unicast traffic
2.1 Support of longer cyclic prefix
The WID states that a cyclic prefix longer than 33.3us (e.g. supporting 15km or more inter-site distance) is to be specified for a mixed unicast/eMBMS carrier. Current specification supports a CP duration of 33.3us with subcarrier spacing of 7.5kHz. The corresponding CP overhead is 20% and there are 6 OFDM symbols per subframe. With the existing CP duration of 33.3us, inter-site distance of 10km is supported for SFN type of MBMS deployments. While the WID states that a CP longer than 33.3us is to be specified, it is necessary to first evaluate whether there is any benefit to support more than 10km ISD for SFN type of MBMS deployment. The evaluation should show that there is significant SFN gain with ISD larger than 10km. A proper carrier frequency and deployment layout is needed for such an evaluation.

Proposal 1: Evaluation is needed to first show that there is still significant SFN gain with ISD larger than 10km, before specifying a CP duration larger than 33.3us.  

In order to support ISD of 15km for eMBMS with SFN combining, at least 50us CP duration is required. Such a long CP will further increase the CP overhead if the subcarrier spacing is kept at 7.5kHz. Therefore, further reducing the subcarrier spacing in support of longer CP duration can be considered.
The scope of this objective states that this feature is only for mixed eMBMS/unicast carriers. Therefore, this feature does not need to be supported for dedicated eMBMS carrier without unicast traffic. In order to maintain backward compatibility for legacy unicast transmission in the mixed eMBMS/unicast carrier, the longer CP numerology should only be applied to the MBSFN region of the current MBSFN subframe. The first one or two OFDM symbols in an MBSFN subframe should still use the existing unicast numerology. 
Proposal 2: The longer cyclic prefix and potentially new subcarrier spacing for eMBMS, if specified, should only be applicable to the MBSFN region of an MBSFN subframe. 

With the above proposal, supporting longer CP has no impact on unicast transmission.
2.2 Support of more MBSFN subframes 

The second objective of the WID is to support subframes 0/4/5/9 (FS1) and 0/1/5/6 (FS2) as MBSFN subframes. Current specification does not allow these subframes to be configured as MBSFN subframe. 

Higher layer signaling can easily support subframes 0/4/5/9 (FS1) and 0/1/5/6 (FS2) as MBSFN subframe, with some simple changes. For a dedicated eMBMS carrier, it is natural that all DL subframes are configured as MBSFN subframes. Therefore, this feature is native for dedicated eMBMS carrier. However, if some subframes among 0/4/5/9 (FS1) and 0/1/5/6 (FS2) are configured as MBSFN subframe on a mixed unicast/eMBMS carrier, additional designs are necessary to support the unicast traffic on such a mixed unicast/eMBMS carrier. One obvious observation is that legacy UEs cannot receive the unicast traffic on a mixed unicast/eMBMS carrier with one or more subframes among 0/4/5/9 (FS1) and 0/1/5/6 (FS2) configured as MBSFN subframe, given the CRS on the mixed unicast/eMBMS carrier is not backward compatible. 

Observation 1: New designs are needed for unicast traffic on a mixed unicast/eMBMS carrier with one or more subframes among 0/4/5/9 (FS1) and 0/1/5/6 (FS2) configured as MBSFN subframe. 

To support unicast on such a mixed unicast/eMBMS carrier, a reference signal with reduced density in time needs to be specified at least for the purpose of RRM measurement and time/frequency synchronization. The Rel-12 discovery signal may be a good starting point. 
Proposal 3: If one or more subframes among 0/4/5/9 (FS1) and 0/1/5/6 (FS2) can be configured as MBSFN subframes on a mixed unicast/eMBMS carrier, new unicast reference signal is needed for RRM measurements and time/frequency synchronization.
2.3 Support of unicast control/CRS free MBSFN subframmes
The third objective is to specify a new MBSFN subframe without a unicast control region and cell specific reference signals. It is natural that this enhancement can be applicable to dedicated eMBMS carriers. If the new MBSFN subframes is applied to a mixed unicast/eMBMS carrier, several enhancements for the unicast traffic is needed:
· A new unicast reference signal is needed at least for RRM measurement and time/frequency synchronization. This is similar to what’s needed in support of configuring more subframes as MBSFN subframes  on a mixed unicast/eMBMS carrier, since the CRS is no longer backward compatible.

· New UL HARQ timing is needed. In legacy MBSFN subframes, the unicast control region can be used to transmit UL grants, which is no longer possible with the new NBSFN subframe without legacy unicast control region. Hence, new UL HARQ timing is required for the unicast traffic on the mixed unicast/eMBMS carrier.

Given that the WI is to enhance the eMBMS traffic, it is proposed that the new MBSFN subframe without unicast control and CRS can only be applied to dedicated eMBMS carrier.

Proposal 4: The new MBSFN subframe without unicast control and CRS can only be configured for a dedicated eMBMS carrier.  

2.4 Standalone eMBMS carrier
The fourth objective is to study the support of standalone eMBMS carrier. For a standalone eMBMS carrier, all DL subframes in the carrier are configured as MBSFN subframes and used for eMBMS transmission. The following designs are needed to support standalone eMBMS carrier:
· Time and frequency synchronization signal on the standalone eMBMS carrier. Depending on the standalone eMBMS carrier deployment scenario (e.g. carrier frequency, inter-site distance, etc), evaluation is needed to show whether the existing LTE sync signal is sufficient or new sync signal is needed for the standalone eMBMS carrier.
· Transmission scheme for MIB and SIB on the standalone eMBMS carrier. It needs to be studied which demodulation reference signal (e.g. CRS or eMBMS RS) and the corresponding transmission scheme is suitable for MIB and SIB transmission on the standalone eMBMS carrier. The time-frequency resource for MIB and SIB transmission on the standalone eMBMS carrier also needs to be specified. 
Proposal 5: In order to support standalone eMBMS carrier, RAN1 needs to study at least the following:

· Time and frequency synchronization signal on the standalone eMBMS carrier.

· Transmission scheme and time-frequency resource determination for MIB and SIB on the standalone eMBMS carrier.
2.5 Multi-carrier unicast/eMBMS operation
Currently, no RAN1 impact is observed in order to support of the fifth objective.

2.6 TV service reception without being authenticated
Currently, no RAN1 impact is observed in order to support of the sixth objective.
3 Conclusions
In this contribution, we discuss each of the objectives in the newly approved WI on further enhancements for eMBMS. The following proposals are provided:
Proposal 1: Evaluation is needed to first show that there is still significant SFN gain with ISD larger than 10km, before specifying a CP duration larger than 33.3us.  

Proposal 2: The longer cyclic prefix and potentially new subcarrier spacing for eMBMS, if specified, should only be applicable to the MBSFN region of an MBSFN subframe. 

Proposal 3: If one or more subframes among 0/4/5/9 (FS1) and 0/1/5/6 (FS2) can be configured as MBSFN subframes on a mixed unicast/eMBMS carrier, new unicast reference signal is needed for RRM measurements and time/frequency synchronization.
Proposal 4: The new MBSFN subframe without unicast control and CRS can only be configured for a dedicated eMBMS carrier.  

Proposal 5: In order to support standalone eMBMS carrier, RAN1 needs to study at least the following:

· Time and frequency synchronization signal on the standalone eMBMS carrier.

· Transmission scheme and time-frequency resource determination for MIB and SIB on the standalone eMBMS carrier.
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