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1 Introduction

As described in the WID [1], ePDCCH is aimed to be transmitted also in MBSFN subframes. However, ePDCCH can not be transmitted in MBSFN subframes where PMCH are actually transmitted because PMCH always occupies system BW and no room is left for ePDCCH transmission, so it was proposed to use PDCCH instead of ePDCCH in in RAN1#69 [2]. 

In addition, it was pointed out during the email discussion of a “Way Forward” that not all of UE knows which MBSFN subframes are used for PMCH transmission and eNB also does not know which UE is aware of the collision of ePDCCH and PMCH transmission. No agreement was reached.
In this contribution, we discuss the collision issue of ePDCCH and PMCH transmissions and give our view.
2 Discussion
Signaling of MBSFN subframes and UE knowledge of PMCH configuration in earlier releases and Rel-10
As pointed out in the email discussion of a “Way Forward” on ePDCCH in MBSFN subframes during RAN1#69, MBMS capable UEs also may not know all of PMCH configuration and eNB does not know which UE knows which PMCH configuration.

MBSFN configuration including all MBSFN subframes in the cell is signaled to all UEs in the cell via SIB-2 irrespective of UE releases. So all UEs know whole MBSFN subframes. It may contain MBSFN subframes not only for MBMS but also for unicast transmission in TM9 (or later), for PRS, for backhaul access for type 1 relay configured in access link or just reserved for some reason (e.g. power saving). SIB-13 signals PMCH assignment but the content includes only MCCH scheduling information for one or more MBSFN area(s). The whole subframe configuration of PMCH of an MBSFN area is signaled on MCCH carried on PMCH itself. Configuration of other MBSFN area is signaled by other MCCHs. And actual use or non-use of MBSFN subframes for transmission of PMCH is dynamically signaled by MCH Scheduling Information (MSI) MAC control element every MCH Scheduling Period (MSP: 80 ms to 10240 ms) on PMCH.
An MBMS capable UE is aware of PMCH configuration of only one MBSFN area, only when its interested session is started in the area. The UE does not know PMCH configuration of other MBSFN area. If the interested session for the UE does not started, the UE just monitors MCCH change notification and may not know any PMCH configuration. 
It is obvious that non MBMS capable UE does not know which MBSFN subframes are used for PMCH transmission at all. Even MBMS capable UE does not always know which MBSFN subframes are used for PMCH transmission. 
From eNB point of view, an eNB, which can serve one or more MBSFN areas with a number of MBMS services in the cell, may not know which UE is interested in which MBMS session(s) of which MBSFN area.
Impact analysis
During the e-mail discussion in the last meeting, it was mentioned that signaling can be introduced to enable to use PDCCH instead of ePDCCH in MBSFN subframes where PMCH are transmitted. Here is some impact analysis.

Semi-static signaling:
pmch-Config[4] signaled on MCCH (PMCH) of up to eight MBSFN areas can be signaled to the UE as MBSFN subframes where PDCCH should be monitored instead of ePDCCH. But some of these MBSFN subframes signaled by pmch-Config can be unused dynamically, which can be used for ePDCCH and also PDSCH transmission if no signaling is introduced. So it seems semi-static signaling is not enough to make full use of unused MBSFN subframes configured for PMCH. 

In addition, pmch-Config of each MBSFN area can be updated every MCCH modification period of its own (5120 ms or 10240 ms). So semi-static signaling may happen every 5120 ms at most. And a UE may be required to know the boundary and enable the signaling at the boundary.
Dynamic signaling:
As stated above, to make full use of unused MBSFN subframes configured for PMCH, some dynamic and explicit signaling would be necessary since actual usage of MBSFN subframe for PMCH transmission will be updated (scheduled) according to MBMS traffic every MSP of each pmch-Config, 80 ms at shortest. One example is to use new DCI to indicate whether ePDCCH is transmitted or not subframe by subframe although it is not necessary to be signaled subframe by subframe. If dynamic explicit signaling would be introduced for indication of ePDCCH resources [5], one entry could be reused as indication to monitor PDCCH instead of ePDCCH. This indication could be reused also in the normal subframes where all of RBs have been assigned for PDSCHs and ePDCCHs for other UEs, PRS, etc.
Observation:

Introducing signaling seems also not easy so that introducing signaling should require significant benefit/gain.
For impact analysis, it should be also taken into account that common search space (CSS) is always available on PDCCH in Rel-11. It was agreed that discussion on CSS is postponed to Rel-12 in the last plenary[3] so that CSS is mapped to PDCCH instead of ePDCCH. UE needs to monitor PDCCH for CSS as well as ePDCCH for UE specific search space (USS) in Rel-11.
DCI formats (Rel-10) and their search space are summarized in Table 1.

For DCI formats transmitted on CSS only, e.g. DCI format 3/3A, it is apparent that there is no impact as CSS is always available on PDCCH in Rel-11.

For downlink assignment, there is no impact since PDSCH (TM9 or later) cannot be transmitted in MBSFN subframes where PMCH is transmitted.
For uplink grant, signaling of new transmission or adaptive retransmission of UL MIMO (TM2 with DCI format 4) is impossible in MBSFN subframes where PMCH is transmitted. However, DCI format 0 can be still transmitted on CSS although the capacity is limited. Non-adaptive retransmission of UL MIMO has no problem.
Table 1. List of DCI formats and search spaces

	(e)PDCCH content
	Type
	Search space
	Comment

	DCI format 0
	(SPS) C-RNTI
	CSS & USS
	

	
	SPS release
	CSS & USS
	

	
	TC-RNTI
	CSS
	

	DCI format 1
	(SPS) C-RNTI
	CSS & USS
	Not relevant in MBSFN subframes

	
	TC-RNTI
	CSS & USS
	Not relevant in MBSFN subframes

	DCI format 1A
	SI-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	P-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	RA-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	(SPS) C-RNTI
	CSS & USS
	Not relevant if MBSFN subframes are used for PMCH transmission

	
	SPS release
	CSS & USS
	

	
	TC-RNTI
	CSS & USS
	Not relevant in MBSFN subframes

	
	PDCCH order
	CSS & USS
	

	DCI format 1B
	C-RNTI
	USS
	Not relevant in MBSFN subframes

	DCI format 1C
	SI-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	P-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	RA-RNTI
	CSS
	Not relevant in MBSFN subframes

	
	M-RNTI
	CSS
	Transmitted only in MNSFN subframes

	DCI format 1D
	C-RNTI
	USS
	Not relevant in MBSFN subframes

	DCI format 2
	(SPS) C-RNTI
	USS
	Not relevant in MBSFN subframes

	DCI format 2A
	(SPS) C-RNTI
	USS
	Not relevant in MBSFN subframes

	DCI format 2B
	(SPS) C-RNTI
	USS
	Not relevant in MBSFN subframes

	DCI format 2C
	(SPS) C-RNTI
	USS
	Not relevant if MBSFN subframes are used for PMCH transmission

	DCI format 3/3A
	TPC-X-RNTI
	CSS
	

	DCI format 4
	C-RNTI
	USS
	


Note: It is not yet decided which TM is supported on ePDCCH.

Observation

As CSS on PDCCH is always available also in MBSFN subframes, impact which comes from unavailability of ePDCCH in MBSFN subframes where PMCH is actually transmitted is not significant in Rel-11.
So our proposal is:

Proposal

Discuss this issue with support of CSS on ePDCCH in Rel-12.
3 Conclusion
In this contribution, we have discussed and analysed the collision issue of ePDCCH and PMCH transmissions. Based on that, we don't see the need to monitor USS on PDCCH instead of ePDCCH in MBSFN subframes where PMCH is transmitted since CSS is still available on PDCCH. We think impact from ePDCCH cannot be transmitted in such subframes is not significant in Rel-11.
CSS for ePDCCH may be discussed in Rel-12 and if it is supported in Rel-12, it might be an issue. So we propose to discuss this issue with support of CSS for ePDCCH in Rel-12.
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