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1 Introduction
While MBMS is seen as a lower priority for Release 8, it has been agreed that the release 8 specs must ensure that introduction of MBMS in release 9 does not lead to forward compatibility problems. One such issue is the signaling of the sub-frames that are used for MBSFN (a.k.a., the MBSFN sub-frame configuration).
Measurement procedures depend on whether a sub-frame is a unicast sub-frame or MBSFN sub-frame. MBSFN sub-frames have far fewer reference symbols that the UE can use to perform cell specific measurements. Even unicast UEs need to know the MBSFN sub-frame configuration; not having this information leads to erroneous measurements. Here we provide a bitmap based mechanism to signal the MBSFN sub-frame configuration.
2 Discussion
The MBSFN sub-frame configuration (MBSC) is used to indicate the set of all sub-frames that are used for MBSFN transmission. There is little available input to determine what proportion of the DL resources will be used by MBSFN in a shared carrier. The wide range of potential values for proportion of sub-frames used for MBSFN can lead to a large size for the MBSC information element. 
The choice of sub-frames for MBSFN is restricted by other system requirements: 

· Sub-frames 0 and 5 of each radio frame cannot be MBSFN sub-frames

· Sub-frames used for paging cannot be MBSFN sub-frames

· In case of TDD, uplink sub-frames cannot be MBSFN sub-frames

· Some number of sub-frames have to be available for DL unicast scheduling
Since the paging sub-frames and TDD UL/DL split is semi-static, shared carrier MBSFN operation would have to be based on a semi-statically configured pattern of sub-frames to be used for MBSFN.  
The MBSC is essentially a repeating pattern of sub-frames that repeats every ‘MBSC-repetition-period’. It is assumed that operators pick MBSFN sub-frames with some repeating pattern (for example, sub-frames 1 and 6 in every radio-frame). The length of the pattern needs to be flexible to allow for adequate DL unicast scheduling. 
We see three approaches to structuring and signaling the MBSC.

Option 1: MBSC consists of a bitmap which indicates a repeating pattern and a repetition period. 
Option 2: A repetition period, higher order bitmap indicating which radio frames have MBSFN sub-frames and a lower order bitmap providing 8 bits (assuming FDD) for each radio frame that has MBSFN sub-frames.

Option 3: A repetition period, MBSC duration and a bitmap. The MBSC duration represents the length of the bitmap and the bitmap indicates which sub-frames are MBSFN sub-frames within the MBSC duration.
We illustrate the above approaches using two cases of MBSFN sub-frame configuration in Figure 1 and Figure 2:

Case A (high duty cycle): Sub-frames 1 and 6 of every radio-frame is an MBSFN sub-frame.

Case B (low duty cycle): Sub-frame 6 in every 20th radio-frame is an MBSFN sub-frame.
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Figure 1: High Duty Cycle MBSFN
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Figure 2: Low Duty Cycle MBSFN
Based on the observations above, option 1 leads to large signaling overhead in the case of low duty cycle MBSFN and is therefore not preferred.

We perform a closer comparison of options 2 and 3. Both require the repetition period to be signaled; assume R is the maximum repetition period allowed. The number of bits required for option 2 is equal to the number of bits to signal the repetition period + number of bits in the higher order bitmap + number of bits in the lower order bitmap. The number of bits required for option 3 is equal to the number of bits to signal the repetition period + number of bits to signal the MBSC duration + number of bits in the bitmap.
Note that the higher order bitmap is always as long as the repetition period. In contrast the MBSC duration is typically shorter than the repetition period when the repetition period is long and the two are about the same length when the repetition period is short (as the two examples above illustrate). Therefore in practice signaling the maximum MBSC duration takes fewer bits than signaling the higher order bitmap. For this reason we prefer option 3 over option 2.
Thus, the parameters UE needs to know for correct measurement behavior in the presence of MBSFN are:
1. Start of MBSC

2. MBSC repetition period

3. MBSC Duration

4. MBSC bitmap

The ‘Start of MBSC’ serves as a timing reference. We see no particular advantage in having flexibility about which SFN the MBSC starts in. Instead it can be fixed in the specification. Alternatively, an offset with respect to SFN=0 can be provided to indicate the starting SFN of the MBSC, but the offset would need to be signaled. Our opinion is that this is not needed. 
For TDD the MBSC bitmap may need to be changed when the UL/DL split is changed. The UL/DL split change and the MBSC bitmap change are changes in system information and are signaled using the procedure defined in [1]. 
A text proposal for the bitmap scheme discussed above is provided.
3 Text Proposal

6.3.1.3
SYSTEM INFORMATION BLOCK TYPE 1

Information relevant when evaluating if a UE is allowed to access a cell.

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Cell access related information
	MP
	
	<ref>
	
	

	>PLMN identity list
	MP
	1..6
	
	
	

	>>PLMN identity
	MP
	
	<ref>
	
	

	>>Cell reserved for operator use
	MP
	
	BOOLEAN
	TRUE means reserved
	

	>Tracking Area Code
	MP
	
	<ref>
	Common for all the PLMNs listed
	

	>Cell identity
	MP
	
	<ref>
	
	

	>Cell barred
	MP
	
	BOOLEAN
	TRUE means barred for all calls
	

	>Intra-frequency cell re-selection allowed
	C Cell barred
	
	BOOLEAN 
	FFS if needed
	

	>Cell reservation extension
	MP
	
	BOOLEAN
	TRUE means reserved
	

	>CSG indication
	MP
	
	BOOLEAN
	If set to TRUE the UE is only allowed to access the cell if the tracking area identity matches an entry in the ‘white list’ that the UE has stored
	

	Cell selection information
	FFS
	
	<ref>
	E.g. suitability related parameters
	

	>Qrxlevmin
	MP
	
	Integer(-119..-56 by step of 2)
	RSRP [dBm]


	

	Frequency band indicator
	MP
	
	<ref>
	
	

	Scheduling information
	MP
	1..n
	
	Exact structure and whether additional IEs are needed is FFS e.g. (common) size of and/ or gap between SI messages
	

	>SI message type
	MP
	
	<ref>
	
	

	>SI periodicity
	MP
	
	Integer [80, 160, 320, 640, xx]
	
	

	>SIB mapping information
	MP
	
	
	List of the SIBs mapped to this SYSTEM INFORMATION MESSAGE
	

	System information value tag
	FFS
	
	Integer [3..5b]
	Common for all SIs other than SI-1
	

	MBSFN Sub-frame configuration
	OP
	
	
	
	

	>MBSC repetition period
	MP
	
	Integer [1..256]
	Duration between MBSC start times in units of radio frames
	

	>MBSC duration
	MP
	
	Integer [0..32] 
	Duration of MBSC in units of radio frames; 0 indicates duration of ½ frame.
	

	>MBSC Bitmap
	MP
	
	Bitmap
	Bitmap length is equal to MBSC duration * 8
	


4 Conclusion
It is proposed that RAN2 discuss and adopt the text proposal.
5 References
[1] 3GPP TS 36.331 v8.1.0 March 2008.
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