Page 1

3GPP TSG RAN WG1 Meeting #74

R1-132957
Barcelona, Spain, 19th– 23rd August, 2013
Agenda item:
7.2.1.6 
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 
MBMS Support on NCT
Document for:
Discussion and Decision 
Introduction
Multimedia Broadcast/Multicast Service (MBMS) aims to provide an efficient mode of delivery for both broadcast and multicast services. During RAN1#72, MBMS support on NCT was discussed. The resulting reply LS [1] from RAN2 indicates that MCH support on NCT is feasible from the perspective of providing the MBMS related system information, and that it would be feasible to increase the number of MBSFN subframes. 
In this contribution, we discuss the physical layer implications of supporting MBMS on NCT.

Discussion 
1.1 System information acquisition
According to the LS from RAN2 [1], there are two possible methods that could be considered for providing the MBMS related system information, like SIB-2/13/15 to the UEs. If the method of sending the system information on the NCT were to be selected, CSS for EPDCCH would have to be supported on the NCT. 
1.2 Resource multiplexing with control channel
Currently the first two OFDM symbols of the MBSFN subframes can be used for the UL HARQ feedback (PHICH) and UL scheduling (PDCCH UL grant). Based on the definition of NCT, the legacy CRS has been replaced by the reduced CRS without the functionality of supporting demodulation. Therefore, in order to keep the same opportunity for UL scheduling, how to multiplex the DCI with the PMCH needs to be considered. 
In Rel-11, EPDCCH is not transmitted in PMCH subframes. 
FDM
One alternative for the multiplexing between control signaling and PMCH is FDM (example shown in Figure 1). EPDCCH would occupy some PRB pairs, with the remaining ones being used for PMCH transmission. In this case, some modifications to PMCH would be needed:

· Since the first two OFDM symbols are not needed for legacy PDCCH/PHICH transmission, the PMCH can extend to all the OFDM symbols in one subframe. 
· The MBSFN reference signals (antenna port 4) would no longer extend across the full system bandwidth. This would have some impact on UE demodulation implementation. 

Advantages of the FDM method include that the frequency location(s) of the PMCH could be configurable to give more flexibility. All the cells transmitting MBMS would obviously have to be coordinated to use the same PRB pair positions for the PMCH to keep the MBSFN characteristics. The advantage of frequency domain ICIC for EPDCCH could also be retained. In principle, such a structure would also have the advantage of supporting FDM between PMCH and PDSCH for additional resource utilisation efficiency. 
In order to minimise the impact on the UE’s PMCH demodulation, the number of non-contiguous sets of PRBs used for PMCH should be minimised. The most straightforward would be to allocate only one contiguous block of PRBs for PMCH, with the outer PRBs being used for EPDCCH (and possibly also PDSCH), as shown in Figure 1. This would retain diversity for EPDCCH transmission. 
The exact configuration of PRBs for PMCH and EPDCCH could be left to network configuration. However, from a UE perspective it could be beneficial to specify the maximum number of non-contiguous PMCH regions that the UE has to support. If only one PMCH region is supported, the complexity of PMCH reception is not greater than receiving PMCH on a carrier with a narrower system bandwidth: e.g. 50 RBs for PMCH, multiplexed with 2x25 RBs for EPDCCH/PDSCH, on a 20 MHz carrier, would have the same PMCH reception complexity as PMCH reception on a 10 MHz carrier. 

[image: image1.emf]EPDCCH/

PDSCH

PMCH

EPDCCH/PDSCH

PMCH

EPDCCH/PDSCH

DC


Figure 1: Example of FDM between PMCH and EPDCCH

One possible drawback of the FDM approach is the fact that it would not be possible to operate MBSFN where some of the eNBs were transmitting a legacy carrier and others an NCT since the PMCH bandwidth would be different. However, it could be argued that this situation already exists in that it is not possible to operate MBSFN between legacy carriers of different system bandwidths. Also, the likelihood of configuring an MBSFN area across a mix of legacy and NCT carriers seems low, so this does not seem a significant drawback for FDM. 

TDM
Another alternative for the multiplexing between DCI and PMCH is TDM (example shown in Figure 2). In this case, the legacy PMCH structure with the whole bandwidth can be remained. However, due to the absence of the CRS, the control signaling mapped to the first OFDM symbols would need to be modified.

In the Rel-11 EPDCCH, PRB pairs across all the OFDM symbols in one subframe are used for DCI transmission. Depending on the presence of other signals, and on the size of the DwPTS in TDD, the number available REs is adapted. However, the EPDCCH design does not scale well down to only 2 OFDM symbols since a new DMRS pattern would be needed, and the existing multiples of EREGs and ECCEs would no longer fit into individual PRBs. Therefore the resource mapping of the ECCE/EREG to REs would need to be modified. Taking Figure 2 as an example, and assuming 12 REs occupied by a new DM-RS pattern in the first two OFDM symbols, there are only 12 REs available for EPDCCH. If the DM-RS is reduced to 6 REs, the available REs would increase to 18. In this case, 2-3 PRB pairs would be needed to build up one ECCE. Thus effectively a whole new DL control channel design would be needed, resulting in three variations of the downlink control channel in LTE (namely PDCCH, EPDCCH, and this new modified EPDCCH using the legacy control region but DMRS-based demodulation). Having designed this new control channel, it would not support frequency-domain ICIC, and would therefore be as limited in this respect as the original legacy PDCCH. 
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Figure 2: Example of TDM between PMCH and EPDCCH
In Table 1, some characteristics for FDM and TDM multiplexing between PMCH and EPDCCH are summarised. 

Table 1 Comparison of FDM and TDM between PMCH and EPDCCH
	
	FDM
	TDM

	Specification Impact
	RRC signalling
	New downlink control channel design
New DMRS pattern for legacy control region

RRC signalling

	Impact on UE Reception
	Sub-band PMCH reception
	None for PMCH
New channel estimation / demodulation for new control channel

	Control Channel frequency-domain ICIC support
	Yes
	Limited

	Ability to operate in TDD Special Subframe
	Yes
	Yes 


Conclusion
In this contribution, we have considered the physical layer impacts of supporting PMCH on NCT. 
We draw the following conclusions:

· If it is decided to send the MBMS-related system information on the NCT, CSS for EPDCCH would have to be supported.
· FDM between PMCH and EPDCCH is to be preferred over TDM. FDM has the following advantages:
· Minimal specification impact
· UE reception impact can be kept low or zero if the number of non-contiguous blocks of PMCH is kept low or only one. 
· FDM allows frequency-domain ICIC to be supported for the control channel.
· FDM would allow the added flexibility of PMCH/PDSCH multiplexing. 
· FDM avoids the huge specification impact of designing a new control channel to fit the legacy control region using DMRS-based demodulation. 
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