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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier.

In this document we provide our views on the support of increased numbers of MBSFN subframes per radio frame and the corresponding impacts on signaling, cell acquisition and system information.

2. Mechanisms to enable more MBSFN subframes per radio frame
In current Rel-13 LTE only up to 6 subframes per radio frame can be configured as MBSFN subframes, which reduces the data rate achievable by MBMS services. For Rel-14, the subframeAllocation parameter in MBSFN-SubframeConfig can be modified to allow for signalling of more MBSFN subframes. We propose to have one non-MBSFN subframe transmitted every 40 or 80ms. This subframe can be used for measurements and system information, for example.
For example, the current ASN.1 is as follows:
subframeAllocation					CHOICE {
		oneFrame							BIT STRING (SIZE(6)),
		fourFrames							BIT STRING (SIZE(24))
	}
And the new signalling could be as follows
subframeAllocation-r14					CHOICE {
		oneFrame							BIT STRING (SIZE(9)),
		fourFrames							BIT STRING (SIZE(39))
	}
Where the new size of the bitmask is 9 and 39 to signal MBSFN configuration for one and four radio frames, respectively. The first subframe in each period of 10 or 40 ms is set to be non-MBSFN for discovery and broadcast information (see Section 3).
Proposal 1: Change the RRC MBSFN signalling to enable setting almost all subframes as MBSFN. At least one subframe is reserved to unicast in each period for measurements and discovery signals.
With the constraint of having to transmit one unicast subframe every 10/40ms, the minimum overhead we can support is 1/40. If we want to further reduce this overhead (at the expense of longer acquisition/measurement time), we can include a new subframeAllocation type to signal the allocation every 80ms (the minimum overhead due to unicast is reduced from 1/40 to 1/80). 
Proposal 2: Enable the possibility of signalling MBSFN subframe pattern per 80ms.


3. [bookmark: _Ref450661455]Cell discovery mechanism
Due to the increased number of MBSFN subframes per radio frame, the cell discovery mechanisms have to be changed. For example, current LTE transmits PSS in every subframe 0 and 5, and PBCH in every subframe 0. Most of these subframes may not be available anymore due to MBSFN operation.
One option would be to rely on new PSS/SSS/PBCH/SIBs transmitted in SFN mode. Although this may be beneficial from an interference point of view (cell edge UEs will have constructive interference from neighbour cells) it has the following problems:
· Specification impact: The design of new synchronization signals and broadcast channels would require a large specification effort, since PSS/SSS cannot be reused. Also, a cell may support also unicast, so it is preferable to reuse the legacy synchronization procedure to cover all cases with a single solution.
· UE complexity: With the introduction of new CP and potentially new numerologies, the UE would need to hypothesize over different signals (e.g. PSS with 15kHz spacing and PSS with 7.5kHz spacing), which will increase the UE search complexity. Additionally, moving to smaller subcarrier spacing would increase the effect of initial frequency error, so the UE may need to also hypothesize over different frequency errors.
· Support of multiple MBSFN areas: For the case when one eNB supports multiple MBSFN areas, it is not clear how the SFN-based cell discovery mechanism would work. In the worst case, the eNB may support up to 8 different MBSFN areas. In such a case, the synchronization and broadcast channel would need to be transmitted separately for each of the MBSFN areas, which will largely increase the overhead.
As the target SNR for MBSFN service is expected to be large (around 10dB), the PSS/SSS detection will be interference-limited. Note that PSS/SSS detection in LTE is targeting around -6dB SNR, and this is achievable even by single PSS (See Figure 1). Also, as the cells are synchronized due to MBSFN operation, and PSS/SSS sequences have good cross-correlation properties, the interference should be much smaller. For example, in the case of hexagonal cells, a UE in the cell edge would experience around –3dB SNR (1 desired cell + 2 interfering cells). In such a case, the probability of detection of PSS is ~0.7. Additionally, the rooftop antenna gain can further increase the probability of detection.
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Figure 1 Probability of detection of PSS and SSS in AWGN channel, no PSS/SSS combining

Proposal 3: A non-MBSFN subframe containing PSS/SSS/PBCH/SIBs is transmitted with low periodicity (e.g. every 40/80ms) in a carrier with increased number of MBSFN subframes.
If we follow the legacy design of PBCH we may not be able to perform combining across different PBCH transmissions, since the SFN field in PBCH changes every 40ms. Thus, PBCH may be the limiting factor for cell-edge UEs. Some options to enable a better decoding performance of PBCH are as follows:
· Extend the time in which the PBCH is not modified (e.g. from 40ms to 320ms). The SFN payload can be modified accordingly (2 least significant bits are reserved).
· Perform PBCH repetition in the center 6RBs, similarly to eMTC
· Some additional randomization may be needed to combat interference in the cell-edge case. 
· Perform PBCH repetition outside the center 6RBs
This unicast subframe includes all the system information necessary to operate in the cell, such as SIB scheduling information, MBSFN configuration, etc. In Section 4 we provide additional details on the system information delivery.

3.1. Impact on legacy UEs
One of the drawbacks of using the same discovery signal as current LTE is that Rel-13 UE may find the PSS sequence in the eMBMS cell and try to get SSS, PBCH and system information. The eMBMS cell should include mechanisms to prevent a legacy UE from spending a long time trying to acquire the cell (otherwise, the cell search process for legacy UE will be delayed, with the corresponding increase in battery consumption). We propose to use a different mapping of PSS and SSS to signal this, similar to FDD vs TDD. For example, the FDD positions of PSS and SSS can be interchanged for this matter.
Proposal 4: Introduce some mechanism to prevent legacy UEs from finding the eMBMS cell (e.g. relative position between PSS and SSS)

4. System information
In order to provide MBMS services over an SCell or standalone cell, the UE has to acquire first the corresponding system information. Following similar mechanisms as current LTE, the physical layer should support transmission of system information over the SCell for MBMS operation. The SI scheduling may need to be modified, as many of the subframes used for system information will not be available due to MBSFN operation (e.g. subframe 5 for SIB1).
Proposal 5: To fulfil objective b (increased number of MBSFN subframes per radio frame), RAN1 should define mechanisms to obtain system information with a reduced number of non-MBSFN subframes. This is in line with legacy SCell eMBMS operation.

Also targeting use cases where there is no/limited unicast traffic in the cell, it would be beneficial to support the transmission of multiple SIBs over a single subframe. This would require changes in the current specification, such as support of different RNTI for different SIBs. For example, SIB1 could use an RNTI value fixed in the specification, and then the RNTI for the remaining SIBs may be indicated in SIB1.
Proposal 6: Enable the possibility of transmitting multiple SIBs in the same subframe (e.g. by using multiple SI-RNTI).

5. Summary
Proposal 1: Change the RRC MBSFN signalling to enable setting almost all subframes as MBSFN. At least one subframe is reserved to unicast in each period for measurements and discovery signals.
Proposal 2: Enable the possibility of signalling MBSFN subframe pattern per 80ms.
Proposal 3: A non-MBSFN subframe containing PSS/SSS/PBCH/SIBs is transmitted with low periodicity (e.g. every 40/80ms) in a carrier with increased number of MBSFN subframes.
Proposal 4: Introduce some mechanism to prevent legacy UEs from finding the eMBMS cell (e.g. relative position between PSS and SSS)
Proposal 5: To fulfil objective b (increased number of MBSFN subframes per radio frame), RAN1 should define mechanisms to obtain system information with a reduced number of non-MBSFN subframes.
Proposal 6: Enable the possibility of transmitting multiple SIB in the same subframe (e.g. by using multiple SI-RNTI).
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