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1 Introduction

At the last RAN1 #84bis meeting, the following was clarified in regard to the work item description for eMBMS enhancements for LTE [1].
	· Objective a may be supported on carrier on which legacy UEs can be scheduled

· It is assumed that subframes contain a new numerology are signalled as MBSFN subframes

· Signalling of services to legacy and new UEs is handled by higher layers, so RAN1 assumes that legacy UEs would not be configured to receive MBMS services in an MBSFN subframe that had a new numerology

· If legacy UEs are to be supported on the carrier, the legacy control region shall not be impacted by the new numerology in a subframe 

· FFS whether MBMS MDT measurements would be impacted by any new numerology

· Objectives b and c mean that legacy UEs cannot be scheduled on the carrier

· Carriers supporting objective b may also support unicast traffic for Rel-14 UEs

· FFS what SI has to be supported on a carrier supporting objective b

· FFS whether carriers supporting objective c may also support unicast traffic for Rel-14 UEs

· FFS whether the reduced density of CRS with objectives b and c impacts time/frequency tracking, and if so, how this is handled 

· Note that if there is additional RAN1 impact from objective d, it is in the area of how to support the self-contained SI as mentioned in WID




The aforementioned objectives are replicated for convenience below.

	The objective of the work item is to evaluate and specify the following eMBMS enhancements for LTE:  
a. 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)

b. 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

c. Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals. (RAN1, RAN2)

Study the following:

d. Support for standalone carrier with all DL subframes dedicated to MBSFN transmission and self-contained eMBMS signaling including information of SIB13, SIB15, SIB16. (RAN2)

e. 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)

f. Solutions where a UE can receive the TV transport service without being authenticated (RAN1, RAN2, RAN3)


In this contribution, we concern ourselves with work item objective a which is to specify means of using a longer cyclic prefix in eMBMS for LTE Rel. 14. Other objectives are treated in our companion contributions in [3] and [4].
2 Support of longer cyclic prefix for MBSFN subframes
The eMBMS enhancements for LTE predominantly target two deployment scenarios. In one use case, traditional high power television transmitters, usually artificially or naturally elevated, are replaced with LTE eNBs dedicated for MBMS services. In other words, traditional terrestrial broadcast systems for television services are being replaced with LTE technology. In a second deployment case, traditional cellular mobile communications systems are equipped with enhanced MBMS service capabilities. The base station transceivers in state-of-the-art mobile communications systems are highly densified. For example, it has been argued in the Rel. 12 small cell enhancements study item, that inter-site distances for so-called macro base stations in modern cellular networks can be as small as several hundred meters. This is in vast contrast to television broadcast systems where tall towers are erected either on massive concrete structures or on mountain tops, equipped with high power transmitters (when compared to those of modern densified cellular networks) to cover huge geographic areas with broadcast services. 
LTE has provisioned MBMS broadcast services from its early beginnings. Particularly, Rel. 8 RAN1 specifications introduce two numerologies for MBMS services: 15kHz subcarrier spacing with extended CP and 7.5kHz with further extended CP. The MBMS design of LTE, up to Rel. 14, is carefully designed for efficient coexistence with LTE unicast services. For example, Rel. 8 specifications introduced MBSFN subframes for forward compatibility of MBMS with respect to unicast transmissions. Similarly, each MBSFN subframe comprises a non-MBSFN region with CRS transmissions and legacy control channels, e.g., PCFICH and PHICH. In addition, uplink grants can be transmitted in MBSFN subframes on the PDCCH. In Rel. 10, further unicast enhancements for coexistence with MBMS services were introduced, namely, the ability to transmit unicast traffic in MBSFN subframes using transmission modes that rely on UE-specific dedicated demodulation reference signals rather than cell-specific reference signals. Similarly, in LTE Rel. 11, when the EPDCCH was specified, signaling was put into place that allows for coexistence of PMCH and EPDCCH. 
In the current release of LTE, introducing yet another numerology for eMBMS is being considered. Following the design paradigm of previous LTE releases, carriers employing this new numerology shall also serve unicast traffic including transmissions to legacy UEs. At the last RAN1 #84bis meeting, it was clarified that legacy UEs would not be configured to receive MBMS services in an MBSFN subframe with a new numerology and that the legacy control region shall not be impacted by the new numerology in a subframe.  
Several numerologies have been proposed for Rel. 14 eMBMS enhancements for LTE some of which are summarized in Table 1 and Table 2. Generally, the non-MBSFN region of a subframe will have a different numerology (based on 15kHz subcarrier spacing with either normal or extended CP) than the MBSFN region of the subframe such that due to two numerologies coexisting in the same subframe some samples will remain undefined. Table 1 and Table 2 show the duration of the undefined signal for each numerology proposal as well as the resulting loss since no useful information is transmitted during this time where both non-MBSFN regions of one and two symbols are being considered, respectively. 
Table 1: Useful symbols and undefined samples for subframes with control format indicators set to 1

	Subcarrier 
spacing (Hz)
	MBMS CP 
length (us)
	Symbol 
duration (us)
	Useful 
symbols
	Undefined 
signal (us)
	Loss (%)

	15000
	16.67
	83.33
	11
	11.4583333
	1%

	7500
	33.33
	166.67
	5
	94.7916667
	9%

	3750
	66.67
	333.33
	2
	261.458333
	26%

	2500
	100.00
	500.00
	1
	428.125
	43%

	1875
	133.00
	666.33
	1
	261.791667
	26%

	1250
	200.00
	1000.00
	0
	
	

	937.5
	266.00
	1332.67
	0
	
	


Table 2: Useful symbols and undefined samples for subframes with control format indicators set to 2
	Subcarrier 
spacing (Hz)
	MBMS CP 
length (us)
	Symbol 
duration (us)
	Useful 
symbols
	Undefined 
signal (us)
	Loss (%)

	15000
	16.67
	83.33
	10
	23.4375
	2%

	7500
	33.33
	166.67
	5
	23.4375
	2%

	3750
	66.67
	333.33
	2
	190.104167
	19%

	2500
	100.00
	500.00
	1
	356.770833
	36%

	1875
	133.00
	666.33
	1
	190.4375
	19%

	1250
	200.00
	1000.00
	0
	
	

	937.5
	266.00
	1332.67
	0
	
	


As can be seen, only the existing numerologies offer efficiency losses of less than 10%. For the likely case of eNBs with 4 transmit antenna ports, the losses are further reduced to 2%. For all other numerology proposals, the efficiency loss amounts to at least 20% and can be as high as a third of the resources. Furthermore, only for the case of 15 kHz subcarrier spacing does reducing the control region allow to fit in an extra symbol. In all other cases, reducing the control region simply increases the efficiency loss and no additional MBMS symbols can be transmitted. 
Observation 1: Only existing numerologies offer efficiency losses of less than 10%.
Proposal 1: On carriers with legacy control channel transmissions, no new numerologies are introduced.

In some cases, when no legacy control region is assumed, the aforementioned efficiency loss can be minimized by allowing MBMS symbols to span across subframe or even radio frame boundaries. This, however, affects the granularity with which subframes can be configured as MBSFN subframes. For example, only pairs of subframes can be assigned to MBMS services, or in other words, the unicast resources are restricted to {0,20,40,80} percent. At this point we don’t see a strong motivation for such numerologies which complicate the system design and reduce the multiplexing flexibility of unicast and MBMS services. 

Proposal 2: Numerologies that span across subframe or radio frame boundaries are not supported.

Lastly, in light of the limited number of time units available for the work item, consideration should be given to the specification impact of introducing new numerologies both in RAN1 and other working groups. Current LTE specifications define the MBSFN reference signal design for 7.5 kHz subcarrier spacing already. Introducing additional numerologies with new MBSFN RS designs would require significant RAN1 time as is evident from the DMRS discussions for 3.75 kHz subcarrier spacing in NB-IoT. Introducing several new numerologies, even with a unified MBSFN RS design in RAN1, would significantly impact RAN4 as the definition of new performance requirements for PMCH demodulation and MDT measurement reporting would not benefit from any unified design framework. It is thus preferable to simply put the signaling into place to support existing RAN1 eMBMS numerologies rather than defining novel numerologies whose need is highly questionable to begin with. Moreover, as agreed in [5], UE speeds of up to 120 km/h are targeted for the eMBMS enhancements in Rel. 14. Reducing the subcarrier bandwidth generally decreases the robustness towards Doppler spread and thus is counterintuitive to the support of higher UE speeds.
Observation 2: Introducing additional numerologies would require significant RAN1 time and would significantly impact other working groups 
Observation 3: Reducing the subcarrier bandwidth generally decreases the robustness towards Doppler spread and thus is counterintuitive to the support of higher UE speeds.

3 Conclusion

In this contribution, we discuss the performance and specification impact of introducing new numerologies with further extended CP for eMBMS enhancements in LTE. In particular, we make the following observations and proposals. 
Observation 1: Only existing numerologies offer efficiency losses of less than 10%.
Proposal 1: On carriers with legacy control channel transmissions, no new numerologies are introduced.

Proposal 2: Numerologies that span across subframe or radio frame boundaries are not supported.
Observation 2: Introducing additional numerologies would require significant RAN1 time and would significantly impact other working groups 

Observation 3: Reducing the subcarrier bandwidth generally decreases the robustness towards Doppler spread and thus is counterintuitive to the support of higher UE speeds.
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