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Discussion 
1 Introduction

PDSCH transmission in unused MBSFN subframe is introduced in REL-10. However, in RAN2 perspective, UE behavior is not 100% clear. In this contribution, following two points are discussed. 

1. Whether UE should be able to process both normal CP and extended CP in MBSFN subframe

2. Whether SPS reception is possible in MBSFN subframe

2 Discussion
PMCH or PDSCH in MBSFN subframe 
A MBSFN subframe is consisted with two regions; the non-MBSFN region and the MBSFN region. The non-MBSFN region is for so called control region where PCFICH, PDCCH, PHICH and CRS are transmitted. The non-MBSFN region is processed by all UEs hence normal CP is used (except if the cell is huge enough so that extended CP is required even for PDSCH transmission). For the MBSFN region, both extended CP and normal CP can be used depending on whether PMCH or PDSCH is transmitted. 
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UE buffers data region until control region decoding is completed. TM9 UE in MBSFN subframe would then buffer MBSFN region until it is clear that there is no PDSCH transmission for it in this subframe. 
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Assuming 20 MHz system, buffer requirement for this operation is not trivial. One OFDM symbol carries 1200 demodulation symbols (in case of 20 MHz BW); each demodulation symbol needs e.g. 10 bit storage. Assuming that PDCCH decoding requires 10 OFDM symbol time span, the required buffer size is 120,000 bit. Because it is not an additional buffer requirement (buffering is anyway needed for normal subframes), there is no problem. However, if TM9 UE is receiving MBMS service, there would be additional buffer requirement. Data region of MBSFN subframe uses either normal CP or extended CP. If TM9 UE is receiving MBMS service and if a MBSFN subframe is expected to carry MBMS data, UE should buffer data region in two versions; one with normal CP for the case PDSCH is scheduled and the other with extended CP for the case PMCH is transmitted. 
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If UE is receiving MBMS, it knows at which MBSFN subframes MBMS transmission will take place thanks to MCH Scheduling Information MAC CE. We believe MBSFN subframes announced in MCH SI MAC CE as to be used for MBMS transmission will always carry MBMS data thus are not subject to PDSCH transmission. Hence it is logical that if TM9 UE expects MBMS transmission in a MBSFN subframe, UE assumes PDSCH transmission will not take place in this MBSNF subframe; hence double buffering is not required.
Proposal 1: To clarify that UE does not expect PDSCH transmission in a MBSFN subframe where PMCH transmission is expected.

Text proposal to 36.331 is shown below.

	5.2.2.9
Actions upon reception of SystemInformationBlockType2
Upon receiving SystemInformationBlockType2, the UE shall:

1>
if the mbsfn-SubframeConfigList is included:

2> for each MBSFN subframes indicated in the mbsfn-SubframeConfigList;

3> if the configured transmissionMode is 'tm9' and the MBSFN subframe is not for PMCH transmission:

     4> consider that PDSCH transmission can occur;

 3> else: 

  4> consider that no PDSCH transmission occur; 

1>
apply the configuration included in the radioResourceConfigCommon;

1>
if upper layers indicate that a (UE specific) paging cycle is configured:
NOTE: 
The UE determines which sub-fames are for PMCH transmission from the MBMS configuration information and the MCH Scheduling Information (also from services the UE is not interested to receive). If UE does not have MBMS configuration information and the MCH Scheduling Information, UE consider all MBSFN subframes are not used for PMCH transmission.


SPS in MBSFN subframe 

Current MAC specification forbid SPS in MBSFN subframe as highlighted in the following text
	5.3.1
DL Assignment reception

…
-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell and there is no measurement gap in this TTI and this TTI is not an MBSFN subframe of the PCell:

-
instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

…


The restriction is brought by the CR 0381R2 [1] in REL-8 when PDSCH transmission is not allowed in MBSFN subframe. In REL-8/9, processing SPS configured DL assignment in the MBSFN subframes has following two drawbacks. 
1) If UE processes configured DL assignment in MBSFN subframes, garbage data will be buffered in the HARQ buffer;
2) If UE processes configured DL assignment in MBSFN subframes, NDI is unnecessarily toggled for this HARQ buffer.
The first drawback seems not critical because garbage data will be flushed when DL assignment for the process is received. However, the second drawback is still valid because unnecessarily toggled NDI prevents HARQ retransmission to be continued as shown in the figure below.
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In a typical scenario, 40 ms is available for HARQ retransmission (SPS interval is 20 ms, two HARQ processes are reserved for SPS). Then, being not able to continue HARQ retransmission beyond 40 ms seems not serious problem. Also, HARQ retransmission is anyway not possible after 40 ms in the usual case where configured DL assignment is not interrupted by MBSFN subframe. In other words, not processing configured DL assignment in MBSFN is a small optimization which can be removed easily.
From REL-10, ENB can schedule PDSCH in unused MBSFN subframes. It seems neither logical nor having any motivation to allow only dynamically scheduled PDSCH in unused MBSFN subframes.

It may be desirable to limit the change to only relevant UEs. To this end the change needs to be made only for tm9 UEs. However specification point of view, it may lead to a bit cumbersome text like below.

	-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell: and there is no measurement gap in this TTI;

-
if the configured transmissionMode is 'tm9'; or 
-
if configured transmissionMode is not 'tm9' and this TTI is not an MBSFN subframe of the PCell:
-
instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;


It seems overkill because the gain from limiting the change only to ‘tm9’ is trivial. The proposal is to just remove the restriction for all UEs.

Proposal 2: Configured downlink assignment is processed even if it collides with MBSFN subframes  

If we go for proposal 2, following change is expected to 36.321.

	-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell and there is no measurement gap in this TTI:

-
instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;


3 Suggestions
Following two are proposed.

Proposal 1: To clarify that UE does not expect PDSCH transmission in a MBSFN subframe where PMCH transmission is expected.

Proposal 2: Configured downlink assignment is processed even if it collides with MBSFN subframes  

Draft CRs for the proposal 1 is presented in [3] and proposal 2 in [3].
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