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1. Introduction

MBSFN subframes differ from non-MBSFN subframes in their arrangement of reference symbols amongst others. The UE is informed by the eNB which subframes are of the MBSFN type for two main reasons:
· Measurements. The UE needs to be informed about the type of subframe for a correct localization of the reference symbols, which are of primary importance for measurements.
· Power saving. UEs that do not receive MBSFN services can “sleep” during MBSFN subframes. This is also the reason why at the last meeting in Kansas City (RAN2#62) it was agreed that Rel-8 UEs may assume that there is never a downlink allocation addressed to them in MBSFN subframes [1].

In this tdoc we discuss possible system information block (SIB) types to carry MBSFN subframe allocation information.

2. Discussion

So far two candidates have been identified to carry the MBSFN subframe allocation information, namely SIB1 with a periodicity of 80ms and SIB3 with a periodicity of 320ms. The main advantage of SIB1 is obviously the fact that the UE is informed about the MBSFN situation very quickly so accurate measurements can be started at an early point in time.
We are now arguing that it is beneficial to use a SIB whose periodicity is equal to the repetition period of the MBSFN subframe allocation: If the SIB is a fraction of the MBSFN repetition period, either the signalling information for an entire repetition period is repeated several times or the SIB contains only part of the repetition period and would thus have to be changed constantly; if the SIB is a multiple of the repetition period, UEs may have to wait unnecessarily long for this information when entering a new cell. Currently, neither the MBSFN repetition period nor the corresponding SIB are defined.
Constraint 1: A SIB periodicity that equals the MBSFN repetition periodicity is beneficial.
Given the benefits of carrying MBSFN allocation information in SIB1, let us first analyze what happens if we choose the MBSFN repetition period accordingly, i.e. an MBSFN repetition period with a length of 80ms. In this case the addition of one single MBSFN subframe within an MBSFN repetition period – this is the least we can add – would equal the addition of 12,5 MBSFN subframes within one second. In other words, the amount of resources spent on MBSFN traffic can only be altered by adding/removing resources in steps that are 1,25% of the overall system resources. In [2] we have shown that this amounts to adding/removing 750 kbit/s in a 20MHz frequency band (Table 1). On the other hand an MBSFN repetition period of 320ms would come along with a sufficiently fine granularity. This would point into the direction of SIB3.
	
	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 (taken from [2]): 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 [3]).
The main concern about using SIB3 is the fact that a UE entering a cell will be informed later about the allocation of MBSFN subframes. Thus measurements can only be carried out on subframes #0 and #5 and on the first OFDM symbols of all other subframes for up to 320ms. Since it was unclear to what extent this time period of uncertainty would affect the quality of the measurements, RAN2 had asked RAN1 and RAN4 to give their opinion on this matter [4]. RAN1 responded that the MBSFN allocation information should be provided as quickly as possible, while at the same time they conceded that it is “difficult to state […] to what extent performance will degrade” [5]. They also stated that “performance degradation will be less […] if there are additional (specified) restrictions what set of subframes can be MBSFN subframes”. RAN4 also referred to the degradation in measurement performance, but encouraged RAN2 “to put additional restriction (i.e. beyond sub-frames #0, #5 or #4 where applicable) on the use of one or more sub-frames for MBSFN transmission in a frame” [6] when using SIB3. We therefore conclude that from a measurement point of view the MBSFN allocation information is ideally provided in SIB1, but that SIB3 is a valid alternative if there is prior knowledge on the MBSFN subframes within a frame.
Constraint 2: While from a RAN1 and RAN4 perspective the MBSFN allocation information should be provided quickly for a good measurement performance, both bodies imply that SIB3 can be an acceptable candidate if there is prior knowledge on the micro level MBSFN allocation.
Based on the constraints discussed so far, we propose to carry the micro level MBSFN allocation on SIB1 and the macro level MBSFN allocation on SIB3. The obvious advantage is that the UE is informed about a substantial restriction on the possible MBSFN subframes early on, while the macro allocation, which consumes more bits than the micro allocation, is provided less frequently. It is also reasonable to provide the macro allocation only if the micro allocation indicates that there is at least one MBSFN subframe.
In our view MBSFN services are added/removed by adding/removing MBSFN radio frames in the macro level MBSFN allocation, while the micro level MBSFN allocation is rather static – otherwise a reorganization of MSAPs is difficult to avoid when sessions are started or stopped [7]. Taking into account the granularity provided in Table 1 and assuming that MBSFN services consume between 150 and 250 kbps each, it becomes clear that in most cases a few MBSFN subframes in a radio frame are sufficient for most MBSFN service scenarios. In cases where a single service or a statistically multiplexed bundle of services would need many MBSFN subframes, they could be distributed over several radio frames.

If the effect of MBSFN on unicast is to be minimized, the quickest way to carry MBSFN allocation information in a system information block is every 80ms. In this context we would like to stress that in networks where MBSFN is not employed, all information necessary for optimal measurements is provided with a periodicity of 80ms, namely by providing the micro level information that no MBSFN subframes are assigned within a radio frame in SIB1.
Proposal 1: The micro level MBSFN allocation is carried on SIB1 and the macro level MBSFN allocation is carried on SIB3.
Proposal 2: A macro level MBSFN allocation is provided only if there is at least one MBSFN subframe assigned in the micro allocation.
Proposal 3: The MBSFN repetition period has the same periodicity as SIB3.

In the above discussion about prior knowledge on the micro allocation we have not taken into account information from neighbouring cells so far, i.e. we did not consider that the UE may already have some limited knowledge on the MBSFN allocation before entering a new cell. Actually the UE does have information about the MBSFN allocation in neighbouring cells since it is provided with the MBSFN presence and MBSFN difference indicators, which are conveyed as a part of dynamic system information in the D-BCH [8]. By means of the difference indicator the UE knows whether all neighbouring cells have the exact same MBSFN subframe allocation or not. This indicator has the maximum benefit for measurements when all neighbouring cells do have the same allocation, in which case the UE knows the complete MBSFN allocation even before receiving any system information in the new cell. On the other hand, the presence indicator has a maximum benefit when all neighbouring cells do not have any MBSFN services at all, in which case all subframes of all neighbouring cells can be assumed to be non-MBSFN subframes before receiving system information from any of these cells.
While introducing the difference and presence indicator was certainly reasonable at a time when the MBSFN subframe allocation was signalled as a whole, the two-level signalling of the MBSFN subframe allocation by micro and macro allocation somewhat changes the perspective, especially if the micro allocation is assumed to be rather static as discussed above.

In this respect we propose to replace the difference indicator by an indicator showing whether all neighbouring cells have the same micro allocation (“micro difference indicator”). Additional prior knowledge can be obtained by another indicator showing whether all neighbouring cells have the same macro allocations (“macro difference indicator”).
The benefit of the micro difference indicator in the context of a rather static micro allocation is that in most cases a fair amount of subframes can be used for measurements already before SIB1 is received. On the other hand, the so far agreed general “difference indicator” mixes micro and macro allocation and thus hides the information that is most valuable as prior knowledge for the UE, namely the micro allocation.
Proposal 4: The MBSFN difference indicator is replaced by an MBSFN micro difference indicator. The additional use of an MBSFN macro difference indicator is FFS.
3. Conclusion

In this tdoc we propose to provide the MBSFN micro allocation in SIB1 so that a reasonable number of subframes can be assumed to be non-MBSFN subframes early on and thus be used for measurements. At the same time, in networks not employing MBSFN UEs can quickly be informed about the absence of MBSFN and start optimal measurements as soon as the have received SIB1. The macro allocation, which is more expensive than the micro allocation in terms of bits, should be provided in SIB3 if the micro allocation indicates the existence of at least one MBSFN subframe.
We also reconsidered the purpose of the MBSFN difference indicator in the light of the recent decision to separate the MBSFN allocation into macro and micro level. We have identified knowledge about the difference in MBSFN micro allocation in neighbouring cells as more useful than general knowledge about the overall MBSFN allocation. The micro allocation is more valuable prior knowledge for the UE when entering a new cell, because it can start its measurements on a fair number of subframes early on, whereas mixed micro/macro knowledge does not contain this information.

Proposal 1: The micro level MBSFN allocation is carried on SIB1 and the macro level MBSFN allocation is carried on SIB3.

Proposal 2: A macro level MBSFN allocation is provided only if there is at least one MBSFN subframe assigned in the micro allocation.

Proposal 3: The MBSFN repetition period has the same periodicity as SIB3.

Proposal 4: The MBSFN difference indicator is replaced by an MBSFN micro difference indicator. The additional use of an MBSFN macro difference indicator is FFS.
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