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1 Introduction

Although MBMS will not be supported in Rel-8, it is needed to ensure that Rel-8 non-MBMS UEs can access their services in the Rel-9 system where MBMS would be provided. When MBMS is provided, the MBSFN subframe allocation signaling would be sent, and it was found during RAN2#61 that MBSFN signalling may have an impact on the non-MBMS UEs. For the compatibility reason, MBSFN in Rel-9 is desirable to be independent with unicast, ensuring the least impact on the Rel-8 unicast UEs. An important co-existence issue is to avoid the collision of paging and MBSFN subframes. There are some concerns that MBSFN signalling may be defined to avoid paging occasions [1]. However, it is desirable that MBSFN signalling could be simple and of less overhead. The contribution presents some ideas about unicast signalling to leave appropriate room for Rel-9 MBMS, and thus Rel-9 MBMS would have less impact on non-MBMS UEs.
2 Discussion

2.1 HARQ retransmission
Since the MBSFN subframes would change infrequently, e.g. on the level hundreds of milliseconds, so it is impossible for the system to update the MBSFN subframe allocation to adapt the unicast transmission/ retransmission. Hence, MBSFN should have the priority over unicast for the allocated subframes, and unicast needs to be shifted when there is MBSFN subframe. This will not be an issue for dynamic scheduling and the retransmission of the persistent scheduling, because the resource allocation is indicated by PDCCH, and thus it is easy for eNB to avoid the MBSFN subframes. So, no collision issue is identified in this case. The delay/delay jitter can be reduced by evenly distributing the MBSFN subframes. For the first transmission of the persistent scheduling, the issue is how to ensure the persistent resource not to collide with MBSFN subframe. Since the MBSFN radio frames has the identical subframe level allocation pattern, so if the persistent allocated resource is not MBSFN subframe for the current radio frame, it will be also not an MBSFN subframe in the other MBSFN radio frames. What's the problem is, although some radio frames may have no MBSFN subframe, the persistent resource allocation should be made as if the MBSFN subframe level allocation pattern was also applied for these radio frames because persistent resource is repeated. Thus, the collision may happen when resource is not balanced, e.g. all the subframes (except #0, #5) are allocated to MBSFN in certain radio frames while no MBSFN subframe in other radio frames. Therefore, MBSFN subframes should be distributed evenly on both subframe level and radio frame level.
When there is MBSFN subframe, eNB can shift the HARQ retransmissions. If the retransmission is to experience too much delay, the eNB can abort it according to its scheduling algorithm. In both cases, there is no new UE behaviour needs to be specified.
Conclusion 1: MBSFN has higher priority than unicast for the allocated subframes. When there is the subframe allocated to MBSFN, the eNB can shift or abort the unicast retransmissions. By proper MBSFN subframe allocation, the collision of the persistent resource and MBSFN can be avoided. Hence, no impact on UE behaviour is identified. 
Conclusion 2: A proper MBSFN subframe allocation is that MBSFN subframes are distributed evenly on both subframe level and radio frame level (in order to reduce delay/delay jitter and leave sufficient capacity to VOIP).
2.2 Subframe level paging table for FDD
There are some papers discussing the paging formulas [1] [2] [3]. The paging calculations consist of radio frame level and subframe level. It is required that “Occasions evenly distributed in time throughout the DRX cycle” for radio frame calculation. Hence, it is impossible for radio frame level allocation of MBSFN to avoid paging occasions intentionally. This may not cause the collision, issue, because it was agreed that “subframe location fixed in spec by a table mapping number of paging occasions per radio frame to the subframe numbers used”. Therefore, to avoid the collision, it is preferable that subframes for different paging configurations in the table come from a limited set which will not used by MBSFN. 
The subframe level MBSFN allocation signaling has not been decided by RAN2, so it will be open until Rel-9. However, 3bits would be sufficient to represent the MBSFN subframe allocation patterns. There could be two coding options for the 3bits:
1. One possible subframe level MBSFN allocation signaling could be that the 3bits denote the spacing of the MBSFN subframes in a radio frame [4]. For example, for a radio frame 0000000000, the allocation for spacing=1 is:
1) Allocate MBSFN subframes out of the ten subframes, i.e. 1010101010

2) Remove subframe #0 and #5. We have x0101x1010

3) Remove paging subframes. Suppose #5 is used for paging.
Thus, there are 4 subframes allocated to MBSFN.
There could be 4 subframes of a radio frame use for paging. If there are 4 subframes are used for paging, it is preferable that #0 and #5 are included, because they can not be allocated to MBSFN. After checking all the permutations, it is found that only three permutations can provide the finest MBSFN subframe allocation granularity, i.e. {1,2,3,4,6} subframes per radio frame. They are:

· {#0, #5, #1, #7}

· {#0, #5, #2, #3}

· {#0, #5, #2, #8}

{#0, #5, #2, #8} is preferred because the subframes are evenly distributed within the radio frame, and it would be helpful that the originated unicast load is evenly distributed. It is also helpful that MBSFN subframes are evenly distributed.
2. The other possible subframe level MBSFN allocation could be that the 3bits denote a predefined MBSFN subframe allocation pattern, e.g. in [5].

	Bit combination
	MBSFN subframe allocation
	Number of MBSFN subframes

	000
	X0010X0000
	1

	001
	X0010X0100
	2

	010
	X1010X0100
	3

	011
	X1010X0101
	4

	100
	X1011X0101
	5

	101
	X1011X1101
	6

	110
	X1111X1101
	7

	111
	X1111X1111
	8


It can be seen from the above table that selecting #2, #8 subframes as paging subframe has the least impact on MBSFN subframes.
As analyzed in [1] that the paging capacity may be an issue for #0, #5 because BCH is carried on #0 and SI-1 is carried on #5. On the other hand, it is analyzed in [6] that paging capacity would not be a big issue. Hence, we believe that the paging capacity would be sufficient for four subframes per radio frame when {#0, #5, #2, #8} are used for paging in this case. Hence, we propose that paging can only be carried on subframes {#0, #5, #2, #8}.
 If #0 and #5 are used when there needs 1 or 2 subframes for paging, MBMS might be able to reuse #2, #8 subframes (FFS). On the other hand, #0 or #5 has less capacity as indicated in [1], so the system may have higher probability to use four subframes for paging, compared to when #8, #2 are used in this case. Furthermore, unicast and MBMS would be more independent if is assumed that MBMS will not use the subframes in the paging table.
Example of the paging table for FDD
	Pattern ID
	Number of paging subframes per radio frame
	Mapping
	Paging capacity 

	1
	1/4
	i = 0: subframe #0 or #5
	~2.5%

	2
	1/2
	i = 0: subframe #0 or #5
	~5%

	3
	1
	i = 0: subframe #0 or #5
	~10%

	4
	2
	i = 0: subframe #0;
i = 1: subframe #5
	~20%

	5
	4
	i = 0: subframe #0
i = 1: subframe #5
i = 2: subframe #2
i = 3: subframe #8
	~40%

	6
	Reserved
	-
	-

	7
	Reserved
	-
	-

	8
	Reserved
	-
	-


Proposal1:  Subframe level paging table for FDD is built based on subframes {#0, #5, #2, #8}. We ask RAN2 to discuss whether MBSFN can be assumed to reuse the subframes in the paging table or not.
2.3 Subframe level paging table for TDD
TDD has eight DL/UL subframe allocation patterns (3DL:5UL is not confirmed). The system may select different patterns according the DL/UL load, so it is preferable to carry paging on the subframes that suffers the least impact during the changing of DL/UL pattern or MBSFN subframe allocation. It can be seen from Fig 1 that #0 and #5 are DL subframes for all the DL/UL patterns and they can not be used for MBMS, so #0 and #5 would be very suitable for paging. If there needs 4 subframes for paging, the common DL subframe is #9, so #9 could be the paging subframe. For the fourth subframe, it can be carried by either #4 or #7 for different DL/UL patterns respectively. Therefore, there is least impact, if the paging subframes are selected from {#0, #5, #9, #4/#7}.

Furthermore, the benefit of fixed subframes paging table is that paging, DL/UL pattern and MBSFN could be more independent, and thus, with less impact on each other. This leaves appropriate room for the signalling design of MBSFN subframe allocation. Furthermore, MBSFN subframes will be distributed evenly.

[image: image1.emf]   

5 ms periodicity

10 ms periodicity

 Not decided

DL UL

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

0 1 2 8 7 6 5 4 3 9

1

2

3 4

4 Paging subframe number


Figure 1: TDD DL/UL patterns

Example of the paging table for TDD

	Pattern ID
	Number of paging subframes per radio frame
	Mapping
	Paging capacity

	1
	1/4
	i = 0: subframe #0 or #5
	depends on DL/UL pattern

	2
	1/2
	i = 0: subframe #0 or #5
	depends on DL/UL pattern

	3
	1
	i = 0: subframe #0 or #5
	depends on DL/UL pattern

	4
	2
	i = 0: subframe #0;

i = 1: subframe #5
	depends on DL/UL pattern

	5
	4
	i = 0: subframe #0
i = 1: subframe #5
i = 2: subframe #9
i = 3: subframe #4/#7 depends on DL/UL pattern
	depends on DL/UL pattern

	6
	Reserved
	-
	-

	7
	Reserved
	-
	-

	8
	Reserved
	-
	-


Proposal2:  Subframe level paging table for TDD is built based on subframes {#0, #5, #9, #4/#7}.
Conclusion
It is analyzed in this paper about the unicast MBSFN co-existence issue. For the HARQ retransmission, no UE behavior needs to be specified. In section 2.2 and 2.3, a subframe level paging table is provided. The subframes for paging are selected from a limited size of subframe set that will not be used for MBSFN (FFS). Therefore, the MBSFN subframe allocation signaling may have no impact on non-MBMS UEs. The conclusions and proposals are:
Conclusion 1: MBSFN has higher priority than unicast for the allocated subframes. When there is subframe allocated to MBSFN, the eNB can shift or abort the unicast retransmissions. By proper MBSFN subframe allocation, the collision of the persistent resource and MBSFN can be avoided. Hence, no impact on UE behaviour is identified.
Conclusion 2: A proper MBSFN subframe allocation is that MBSFN subframes are distributed evenly on both subframe level and radio frame level (in order to reduce delay/delay jitter and leave sufficient capacity to VOIP).
Proposal1:  Subframe level paging table for FDD is built based on subframes {#0, #5, #2, #8}. We ask RAN2 to discuss whether MBSFN can be assumed to reuse the subframes in the paging table or not.
Proposal2:  Subframe level paging table for TDD is built based on subframes {#0, #5, #9, #4/#7}.
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