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1. Introduction

MBSFN and unicast subframes are time-multiplexed and the UEs always have to be aware which subframes belong to unicast traffic and which ones belong to MBSFN traffic. During the last meeting in Sevilla, RAN1 has discussed signalling of MBSFN subframe allocation patterns [1]. While a full bitmap does not seem to be acceptable, there are different approaches that introduce constraints in order to limit the signalling overhead [2-4]. Another open question is how long the repetition period of the MBSFN subframe allocation pattern should be.
2. Discussion
There have been several contributions proposing a two-level MBSFN subframe allocation, in which radio frames containing MBSFN subframes are allocated on a macro level and MBSFN subframes within allocated radio frames are allocated independently on a micro level [2-4]. However, these contributions differ in the way constraints are introduced.

Constraints can be: 

1) On the macro level, i.e. only affecting the allocation of radio frames
a. Quantitative, i.e. affecting the possible number of radio frames that can be allocated for MBSFN [3]
b. Combinatorial, i.e. affecting the freedom where these radio frames are placed within an allocation pattern [2,3]
2) On the micro level, i.e. only affecting the allocation of subframes within an allocated radio frame

a. Quantitative, i.e. affecting the possible number of subframes that can be allocated for MBSFN

b. Combinatorial, i.e. affecting the freedom where these subframes are placed within a radio frame [3,4]
2.1. Flexibility on macro level
a) Quantitative constraints

If carefully chosen, limiting the number of radio frames that can be allocated for MBSFN does not necessarily have to come along with problems. On the other hand, we do not see any need to limit them.
b) Combinatorial constraints

Combinatorial constraints may be problematic whenever the MBSFN subframe allocation pattern has to be changed. RAN2 has decided that there will be no dynamic switching between single-cell and multi-cell transmission in the first LTE release, i.e. for now the MBSFN subframe allocation pattern will change much less frequently than envisaged before. Nevertheless, we think that the signalling of the MBSFN pattern, which is assumed to be on the broadcast channel, should already be designed such that the MBMS system can easily be upgraded to dynamic switching. And even if dynamic switching was no option at all, changes in the pattern can occur any time due to session starts and stops.
More specifically, combinatorial constraints impose problems as soon as overlapping MBSFNs are involved. In Fig.1, for instance, there are two areas, the left one offering services 1,2,3,4 and the right one offering services 1,2,5,6. Now two scenarios are compared: one in which the MBSFN resources are clustered, i.e. they are allocated in contiguous way, and one in which they are not clustered. Obviously, if the MBSFN resources are clustered, the left and right areas mutually generate interference, whereas interference can be avoided when non-MBSFN gaps are allowed in between, taking into account that a smart scheduler can leave these gaps unused in non-full-load systems.
The fact that at least the services occurring both in the left and in the right area (i.e. services 1 and 2) do not mutually generate interference cannot be taken for granted in the clustered case as shown in Fig. 1b). If the left area switches off service 1, while this service is still transmitted in the right area, there are now two possibilities:
· Either the order of the MBSFN resource numbers (2,3,4) is preserved – then all services would have to be moved so that the resources for service 2 in the left area are not the same as in the right area anymore, thus generating mutual interference; another undesirable aspect is that many MSAPs would have to be changed as well, increasing the overall complexity.
· Or the order of the MBSFN resource numbers is changed (4,2,3) as the service that has been switched off is replaced by the last service in the cluster. One can easily imagine that after switching on and off a few services the order of the service numbers will become completely arbitrary. This could mean that the left and right areas generate mutual interference, although they transmit the same service (for example the left area may transmit 2,4,3,1 and the right one 1,2,4,3). Of course, the MCE could rearrange things in this case, but one has to keep in mind that arrangements which are much more complex than the one depicted here would also have to be managed so that a change in one area may have effects on the MBSFN resources in many other areas, including all the consequences of MSAP reallocation etc.
In summary, restricting the combinatorial flexibility on macro level is problematic since it may impose interference and/or MSAP reallocations.
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Fig. 1: Clustering of MBSFN resources on the macro level.

a) Non-clustered organization. Each

service has preconfigured resources that do not interfere with other services. In this case it is easy to add

or remove services. b) Clustered organization. Discarding service 1 can be handled either by shifting all 

services in order to retain their numerical order, which causes more interference (red) and MSAP 

reallocations (blue), or by avoiding MSAP reallocations with a single shift from service 4 to service 1. In 

this case, however, a problem arises when service 1 is added again – it would take the former position of 

service 4, and this would have to be coordinated with all other MCEs.
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Fig. 1: Clustering of MBSFN resources on the macro level.

a) Non-clustered organization. Each

service has preconfigured resources that do not interfere with other services. In this case it is easy to add

or remove services. b) Clustered organization. Discarding service 1 can be handled either by shifting all 

services in order to retain their numerical order, which causes more interference (red) and MSAP 

reallocations (blue), or by avoiding MSAP reallocations with a single shift from service 4 to service 1. In 

this case, however, a problem arises when service 1 is added again – it would take the former position of 

service 4, and this would have to be coordinated with all other MCEs.



2.2. Flexibility on micro level

a) Quantitative constraints

If carefully chosen, limiting the number of subframes that can be allocated within MBSFN radio frames does not necessarily have to come along with problems. However, we do not see any need to limit them.

b) Combinatorial constraints

In our view there is no reason to have full combinatorial flexibility on the micro level. Constraints can be based on the idea to mix MBSFN subframes with unicast subframes as much as possible for short unicast delays as preferred by Alcatel-Lucent [4] or, alternatively, to cluster MBSFN subframes as much as possible for long DRX cycles. In any case three bits would be sufficient as shown in Annex A.
2.3. Flexibility and overallocation

Overallocations may arise if there is no macro-micro combination for a needed number of MBSFN subframes. For instance, non of the discussed schemes is able to exactly represent 37 subframes for a repetition period of 320ms. However, it is possible to allocate 38 MBSFN subframes by having 19 MBSFN radio frames with 2 MBSFN subframes each. So if 37 subframes are supposed to be allocated for MBSFN, the overallocation would be one subframe.
Fig. 2 analyzes the overallocation of the discussed schemes, namely the one by NSN [2], Huawei [3], and Alcatel-Lucent [4]. While Huawei only needs very few bits for the signalling of MBSFN radio frames, its constraints may impose a large number of overallocated MBSFN subframes.

Overallocations can be avoided if the micro level assignment is not generally fixed for all MBSFN radio frames as suggested in [2-4]. This can be achieved by defining an individual micro pattern for each MBSFN radio frame, e.g. using three bits instead of one bit per MBSFN radio frame. However, this would impose a higher signalling load, namely 32*3bits for a repetition period of 320ms.
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Fig. 2: Overallocation of MBSFN subframes because the requested number of MBSFN subframes cannot be properly represented by the given signalling scheme.
2.4. Length of the repetition period
So far there has been no decision on how long the repetition period of an MBSFN subframe allocation pattern should be. While RAN1 does not have any specific requirement, values between 80 and 320 ms have been discussed [1,2].
In the following we will evaluate the length of the repetition period with respect to data granularity, i.e. the question is how much more MBSFN data we have to transmit if we add a single MBSFN subframe to our pattern. This is analyzed in Table 1.
	
	80ms
	160ms
	320ms

	5MHz
	188 kbps
	  94 kbps
	  47 kbps

	10MHz
	375 kbps
	188 kbps
	  94 kbps

	20MHz
	750 kbps
	375 kbps
	188 kbps


Table 1: Impact of one added MBSFN subframe on the added MBSFN bandwidth (for different repetition periods and different frequency bands, assuming a spectral efficiency of 3 bits/Hz/s [5]).
Example: In a 10MHz band with a spectral efficiency of 3 bits/Hz/s [5], one subframe carries 30 kbits of data. With a repetition period of 160ms this subframe is repeated 1000/160 = 6.25 times per second. This means that adding an MBSFN subframe to the pattern means adding 6.25*30kbits = 187.5 kbits of MBSFN bandwidth.
In order to ensure a maximum of flexibility, we would favor a fine MBSFN data granularity. Therefore, we think that the repetition period of 320ms is the most suitable.

3. Conclusion
With this tdoc, we support a two-level MBSFN subframe allocation [2-4], in which radio frames containing MBSFN subframes are allocated on a macro level and MBSFN subframes within allocated radio frames are allocated on a micro level. We further propose that

· On the macro level there is full flexibility, i.e. any number and any combination of MBSFN radio frames is possible as to avoid limitations of the organization of MBSFN areas and a reorganization of MSAPs.
· On the micro level the number of possible MBSFN subframes within an MBSFN radio frame is not restricted, but the number of the corresponding allocation combinations is restricted.

· Addressing the issue of overallocations, it is FFS whether the MBSFN allocation on micro level is valid for all MBSFN radio frames or whether it can be separately set for each individual MBSFN radio frame.
· The repetition period for the MBSFN subframe allocation pattern is 320ms.
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5. Text proposal
15.3.3 Multi-cell transmission
[…]

The MBSFN subframe allocation pattern has a repetition period of 320ms and is signalled as follows:

· Radio frames containing MBSFN subframes are signalled with full flexibility, i.e. any number and any combination of such MBSFN radio frames is possible.
· The number of possible MBSFN subframes within an MBSFN radio frame is not restricted, but the number of the corresponding allocation combinations is restricted.
· It is FFS whether the MBSFN allocation for a radio frame is valid for all MBSFN radio frames or whether it is separately set for each individual MBSFN radio frame.
[…]
Annex A
Three bits are sufficient to represent any number of MBSFN subframes within a frame. The following table shows an exemplary preconfiguration for mixing MBSFN and unicast subframes as much as possible.

	Bit combination
	MBSFN subframe allocation
	Number of MBSFN subframes

	000
	X0010X0000
	1

	001
	X0010X0010
	2

	010
	X1010X0010
	3

	011
	X1010X1010
	4

	100
	X1011X1010
	5

	101
	X1011X1011
	6

	110
	X1111X1011
	7

	111
	X1111X1111
	8


The possibility X0000X0000 is not needed, because in this case the radio frame would not be assigned in the first place. So three bits are needed to cover all possibilities for the micro level assignment. The difference to the full bitmap is only that here there is a fixed pattern for a given number of MBSFN subframes, e.g. if three MBSFN subframes are to be assigned there is only the X1010X0010 option and a X0010X1010 assignment could not be adopted. We argue that it is reasonable to agree on a fixed set, for example on the one above, without losing much flexibility.






























































































































































































































































































































































































































































































� Please note that in this case the assignment on the micro level is performed per MBSFN radio frame.
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