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1 Introduction
RAN2 sent RAN1 an LS about Unicast transmission in MBSFN subframes [6] asking RAN1 to study the impact and assess the feasibility of unicast transmission in MBSFN subframes. The “MBSFN subframes” in this contribution refer to all subframes configured as MBSFN subframes by the System Information Block Type 2 (SIB2). Several usages are possible/envisioned for MBSFN subframes, such as MBMS, Positioning, Relay backhaul, high order MIMO, etc... MBMS and Positioning will be part of Rel-9.
2 Discussion
2.1 Existence of unused MBSFN subframes
The allocation of MBSFN subframes shall be considered as semi-static, since it is done by SIB2. In order to change it, the system information update procedure must be used. This procedure wakes all the UEs and was not designed to be used more than 2-3 times per hour. If used more frequently, the value tag in system information may roll over and UEs may wrongly think they have current version of the system information.
While scheduling MBMS services, the sum bitrate of the services mapping to a PMCH will have some variations. Even Constant Bitrate (CBR) video encoders create frames with slightly different sizes. Naturally, if Variable Bitrate (VBR) is used, the variation is larger – VBR provides better Mean Opinion Square at equal average bitrate. Additionally, the SIB2-SAP can not change each time services start or stop. Hence it is likely that sometimes some MBMS subframes are not used for MBMS in order to keep some headroom for upcoming services and because of the void created as services stop.

If a low frequency of positioning subframe is sufficient (such as every 640ms), there will be one unused MBSFN subframe every 320ms, as this is the finest MBSFN subframe allocation available. It would be nice to not waste this subframe and let eNB transmit unicast there.

Depending on channel and buffer conditions, some MBSFN subframes reserved for high order MIMO may not be needed. In such case it is beneficial to have the possibility to schedule a non-MIMO UE using existing PDCCH formats in MBSFN subframes.
For the reasons above, it is beneficial to enable unicast transmission in MBSFN subframes as early as Rel-9.

2.2 Current status 
Here we analyse the current UE behaviour in MBSFN subframes.

The number of PDCCH symbols as currently specified in TS 36.211 is listed in Table 1 [1]. In MBSFN subframes the number is 1 or 2, while for unicast subframes, the number of PDCCH symbols is 1, 2 or 3, and it is 2, 3 or 4 in case of narrow band. 

Table 1: Number of OFDM symbols used for PDCCH
	Subframe
	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier supporting both PMCH and PDSCH for 1 or 2 cell specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier supporting both PMCH and PDSCH for 4 cell specific antenna ports
	2
	2

	MBSFN subframes on a carrier not supporting PDSCH
	0
	0

	All other cases
	1, 2, 3
	2, 3, 4


In RAN1#52, based on [4], the following were agreed and are included in the meeting report [7]:

PCFICH in MBSFN subframes

Proposed way forward: Agree on the three bullets below with the addition of “the UE may use PCFICH, also in MBSFN subframes" to the second bullet.

•
Transmit PCFICH in every subframe, including MBSFN subframes on mixed carrier 

•
The PCFICH correctly reflects the control region, also in MBSFN subframes.

•
The PCFICH value in MBSFN subframes shall be the same as the value provided by higher layers for MBSFN UEs

We note however that currently higher layers [8] do not indicate the value of PCFICH in MBSFN. Therefore our understanding is that Rel-8 and beyond UEs do monitor the PCFICH in all subframes, including MBSFN. The PCFICH indicates a number of symbols found in the table above.

Rel-8 UE do not expect to receive DL assignments in MBSFN subframe, as indicated in section 5.2.2.9 of the RRC specification [8], an excerpt of which is copied for reference.

1>
if the mbsfn-SubframeConfigList is included:

2>
consider that no other DL assignments occur in the MBSFN subframes indicated in the IE mbsfn-SubframeConfigList:
In RAN1, It has been captured in TR 36.814[10] that LTE-Advanced supports the PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS.
-
In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data

-
The relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8

Next, we consider several alternatives to enable unicast in MBSFN
2.3 Methods to enable unicast transmission in MBSFN subframes

2.3.1 Alternative 1: UE detects DL assignment also in configured MBSFN subframes

For this alternative, whenever the Rel-9 and later UE monitors PDCCH in MBSFN subframes, it also detects its DL assignment, just as in unicast subframes. In order to enable that behavior, the above highlighted sentence should be deleted from RRC in Rel-9. A CR for RRC is submitted to RAN2 in [11] to implement this change.
This alternative is similar to LTE –Advanced supporting PDSCH transmissions for Rel-10 UEs in MBSFN subframes, 
-
In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data.

-
Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8.
-
DL assignment is allowed to configure in both normal and MBSFN subframes.

-
Unicast transmission in MBSFN data region is same as that in normal DL subframes, e.g. same DMRS and scrambling code generation, etc.

Based on the above changed, unused MBSFN subframes can be reused as unicast subframe. See Fig.1.
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Fig. 1

Rel-8 UEs expect to see only PCFICH = {1, 2} in MBSFN subframes, which implies some scheduling limitations when scheduling unicast therein. Of course it is still massively more efficient to enable PDSCH with some scheduling limitations compares to leaving the MBSFN subframe unused. If however more scheduling flexibility was desired, we could discuss methods enabling more than two control symbols.

2.3.2 Alternative 2: PCFICH =3 indicates unicast in MBSFN subframe
Using CFI = 3 to indicate MBSFN subframe reuse as unicast was proposed in [2] and [9], where Rel-9 UE should monitor its DL assignment when it finds CFI is not 1 or 2. However, Rel-8 UE could consider it as an error case and not receive PHICH and UL grant correctly. So this option seems not backward compatible given there is no signalling in Rel-8 to indicate the value of PCFICH.. 
Provided that Rel-8 higher layer signalling is introduced to indicate the number of control symbols in MBSFN subframes, we would have the following options for using PCFICH to indicate that an MBSFN subframe is unicast:
1. PCFICH and higher layer signalling (in Rel-9 MCCH ) indicate the number of control symbols in MBSFN subframes. If higher layer signalling is on MCCH, only Rel-9 MBMS UE which receives MCCH will acquire this information. However, any change to PCFICH or use of the unused state would not be backwards compatible to Rel-8 UEs. 

2. PCFICH and higher layer signalling (in a Rel-8 SIB) indicate the number of control symbols in MBSFN subframes. The PCFICH unused state in an MBSFN subframe is used to indicate that the subframe is unicast with a predefined control region size. Rel-8 behaviour: If UE receives a PCFICH invalid according to higher layer signalling, it uses the value indicated by higher layer. 

3. Higher layer (in a Rel-8 SIB) indicates the number of control symbols in MBSFN subframes (change to current decision). The PCFICH is completely ignored for Rel-8 and can be completely redefined for Rel-9. This was rejected in [5] for general use such as relay. 
Therefore, with this alternative, using PCFICH to signal MBSFN-->unicast, the previous decision to signal the number of control symbols in MBSFN subframes in higher layer should be captured in a Rel-8 SIB, and the currently unused state in an MBSFN subframe is used to indicate that the subframe is unicast with a predefined PDCCH region size.
It seems not appropriate to amend the Rel-8 RRC at this stage to enable that feature.

2.3.3 Alternative 3: Broadcast signaling Using PDCCH to indicate the occurrence of reused MBSFN subframes 
In [3] an indication method of broadcast signalling using PDCCH was proposed, with the location in any (or all) of the preceding consecutive (subframes known beforehand to be) unicast subframes. Correspondingly, the PDCCH should be transmitted in common search space with a RNTI known by all UEs (e.g., SI-RNTI, P-RNTI or some new introduced RNTI), and some mechanism should be introduced to let the UE monitor the PDCCH indicating MBSFN subframe reuse in the ‘right’ subframes.

More details of this method should be further designed, including: 

1) Which PDCCH format is used as indication? What is the information field of this format?
2) What is the RNTI value? Reuse existing RNTIs or introduce a new RNTI?
3) In what occasion should Rel-9 UE monitor this broadcast PDCCH? Some predefined subframes or all the unicast subframes?
4) If a broadcast PDCCH is received, does it mean that the next one MBSFN subframe is reused or the next consecutive MBSFN subframe is reused? If the answer is the next one MBSFN subframe, there will be no indication method for the 2nd and later subframes in consecutive MBSFN subframes. Otherwise it may result in Rel-9 non-MBMS UE monitoring DL assignments in subframes transmitting PMCH since several subframes in the consecutive MBSFN subframes may be used as MBMS.
5) Interactions with UE DRX need to be handled 
Considering the above, it seems that this alternative would require significant work in RAN1 and RAN2.
3 Conclusion
We identified several benefits for enabling unicast transmission in MBSFN subframes, then summarized the current status and identified three alternatives to enable it. Considering possible forward compatibility (e.g. LTE Advanced) and backward compatibility and complexity, we propose

Proposal: enable unicast transmission to Rel-9 in MBSFN subframes by specifying that Rel-9 UE must decode DL assignment also in MBSFN subframes.
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