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1 Introduction
The issue for valid downlink subframes for Rel-13 low complexity (LC) UEs and UEs operating coverage enhancement (CE) was discussed in RAN1#82 [1] and RAN1#82bis [2] with the following agreements:
RAN1#82 agreement:
· The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by SIB1bis (from RAN1 perspective) 

· If the explicit signaling is not present, a default operation is defined by RAN1 

· FFS the details for the default operation

· FFS the number of bits for the explicit signaling

· FFS how to handle SIB1bis

· FFS for the uplink case

· FFS how to handle some cases related to UE-specific subframe unavailability
RAN1#82 agreement:
· Handling of subframes not available for repetition

· Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE

· This is in line with the TDD behaviour of Rel-8 PUSCH TTI bundling and Rel-8 PUCCH HARQ-ACK repetition

· FFS whether or not there is misalignment between eNB and UE regarding the unavailable subframes and if so, how to handle

RAN1#82bis agreement on valid downlink subframes:

· A UE can drop receiving repetition in subframe(s) unavailable due to UE-specific configuration or behavior such as measurement gap 

· FFS whether to introduce measurement gap 

· The subframe unavailable due to UE-specific configuration or behavior is counted in the repetition 

· When valid DL subframe indication is not provided by SIB1bis, the default behavior is:

· MBSFN configuration is given in MTC-SIB2

· For broadcast PDSCH other than SIB1bis/MTC-SIB2, M-PDCCH, and unicast PDSCH, only non-MBSFN subframes are considered as valid subframe. 

· The assumptions on CRS transmission in a valid DL SF from a UE perspective

· CRS presence is the same as for the non-MTC UEs

However, it is not clear from the agreement for the handling of PDSCH collision with PBCH/PSS/SSS/SIB1bis.
In this contribution, we discuss these remaining details of PDSCH, to solve the PDSCH collision handling issue.
2 Handling of PDSCH collision
Although eNB can determine the time and frequency resource of PDSCH by its scheduling, the mechanism to handle PDSCH collision with PBCH/PSS/SSS/SIB1bis needs discussion for UEs operating CE, when the frequency resources of the repeated PDSCH are the same in multiple subframes or change every Ych subframes according to a frequency hopping pattern. It is assumed that the collision between MTC UEs’ PDSCH and legacy UEs’ PDSCH, between repeated PDSCH and PDSCH with no repetition, and between different PDSCH of SI message/paging/RAR/unicast PDSCH can be avoided by eNB scheduling.
2.1 Collision between PBCH and PDSCH repetition
For system bandwidth larger than 1.4MHz, according to narrowband definition agreed in RAN1 #82 [1]:

·  “All narrowbands are of a size of 6 PRBs

· Total number of DL narrowbands in the system bandwidth is fixed at [image: image1.wmf]ú
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· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW”,
The center two narrowbands overlap with PBCH in the PBCH subframes. Excepting the PBCH PRBs, there are 3 PRBs remaining in each of the overlapped narrowbands. If a repeated PDSCH in a center narrowband only utilizes the remaining PRBs (for system bandwidth larger than 1.4MHz), the PDSCH cannot use the whole 6 PRBs of the center narrowband in subframes other than PBCH subframes. As the repetition number of PDSCH could be larger than PBCH transmission interval, a mechanism for handling the collision between PBCH and repeated PDSCH is necessary especially for smaller system bandwidths to avoid such scheduling restriction. The design of the mechanism should be based on the agreement “User data and PBCH repetition are assumed not to be sent in the same PRBs [3]”. PDSCH can carry MTC SIB/ paging/RAR/unicast data and the case that SIB1bis overlaps with PBCH is also discussed in [4].
The PRBs of PDSCH repetition may fully overlap or partly overlap with PRBs of PBCH repetition. For the partial overlap, PDSCH repetition can use PRB-level rate matching or puncturing as a result of not being sent in PBCH PRBs. Comparing the two solutions, PRB-level puncturing has a benefit of supporting symbol level combining of the repeated PDSCH, which is preferred. For the full overlap, PDSCH repetition can not be sent in PBCH subframes. This unavailable of PBCH subframe is UE-specific , because the full overlap could happen only for paging/RAR/unicast data whose PRB location is determined by DCI. The UE can drop receiving PDSCH repetition in PBCH subframes and the effect is the same as PRB level puncturing. 
Proposal 1: When the PRBs of PDSCH repetition overlap with PBCH repetition for system bandwidth larger than 1.4MHz, PRB-level puncturing is used for PDSCH repetition at PBCH PRBs.
For 1.4 MHz system bandwidth, it was agreed “PBCH repetition for 1.4 MHz TDD/FDD system is not supported [5]” and PBCH is transmitted in only subframe #0. The agreement for SIB1bis says “possible subframes are {0,4,5,9} for FDD and {0,5} for TDD [5]”. If subframe #0 is always used for SIB1bis, SIB1bis and PBCH occupy all the available resources in subframe #0. Thus for the repetition of PDSCH other than SIB1bis, the whole PBCH subframes are unavailable which is included in the  SIB1bis indication and the repetition is postponed according to the agreement. Even if the valid DL subframe indication is not provided by SIB1bis, the default behavior needs to include that the repetition of PDSCH other than SIB1bis is postponed in subframe #0.
2.2 Collision between PSS/SSS and PDSCH repetition
PSS/SSS is transmitted using center 62 subcarriers and the subframes of PSS/SSS contain subframes different from PBCH subframes with/without repetition, so that based on the discussion of the above section, the mechanism for handling collision between PSS/SSS and repeated PDSCH is needed. PDSCH for UEs operating CE could be via TM1, TM2, or TM6 for CRS-based demodulation; or TM9 for DMRS-based demodulation [2], for which the mechanism will be discussed respectively.
For PDSCH carrying MTC SIB/paging/RAR/unicast data with TM1, TM2 or TM6 and CRS-based demodulation, the repeated PDSCH can be transmitted in the same PRBs as PSS/SSS. If the legacy behavior of PDSCH rate matching for PDSCH not mapped to PSS/SSS REs is reused for PDSCH repetition, symbol level combining cannot be supported. To support symbol level combining for PDSCH repetition, an alternative mechanism is to puncture PDSCH at PSS/SSS REs, in PSS/SSS subframes.
For PDSCH carrying unicast data with TM9 and DMRS-based demodulation, the symbols of DMRS overlap with PSS/SSS symbols. Currently, neither PDSCH via TM9 nor DMRS is allowed to be transmitted in PSS/SSS PRBs. If the current rule is reused for UEs operating CE by applying PRB level puncturing for the repeated PDSCH at PSS/SSS PRBs, the available resource in PSS/SSS PRBs cannot be utilized for PDSCH repetition and the required repetition number would be increased. Alternatively, if both PDSCH and DMRS are transmitted in the same PRBs as PSS/SSS and are punctured at PSS/SSS REs, it requires demodulation with partial DMRS. The orthogonality for DMRS of different antenna port will be destroyed and the channel estimation performance will be harmed. To avoid this impact, the proposed mechanism is to transmit repeated PDSCH with DMRS-based demodulation in PSS/SSS PRBs, and puncture PDSCH at PSS/SSS REs to support symbol level combining. DMRS is not necessary to be transmitted in PSS/SSS PRBs, because the repeated PDSCH in those PRBs can use DMRS in other subframes for channel estimation.
Proposal 2: When the PRBs of PDSCH repetition overlap with PSS/SSS PRBs, RE level puncturing is used for PDSCH repetition at PSS/SSS REs. For PDSCH with DMRS-based demodulation, DMRS is not transmitted in PSS/SSS PRBs.
2.3 Collision between SIB1bis and PDSCH repetition other than MTC SIB
SIB1bis is transmitted in discontinuous subframes with a period of 8 radio frames and occupies all available PRBs (6 or 6 excluding PBCH PRBs) in a narrowband. PDSCH other than MTC SIB is probably to fully overlap with SIB1bis transmission in the subframes containing SIB1bis. We assume the time and frequency for MTC SIs other than SIB1bis given in SIB1bis can avoid the collision with SIB1bis by eNB scheduling. To use the resource within the same narrowband as SIB1bis in the transmission interval of SIB1bis and avoid frequent frequency hopping, eNB should allow the happening of this full overlap. It is more likely especially for small system bandwidth.
When full overlap happens, the subframes for SIB1bis transmission are not valid subframes for the repetition of PDSCH other than MTC SIB. The unavailable SIB1bis subframes is UE-specific for system bandwidth larger than 1.4MHz the same as the case when the PDSCH PRBs fully overlap with PBCH in PBCH subframes discussed in the above section. The behavior is to drop the repetition of PDSCH other than MTC SIB in SIB1bis subframes. For 1.4MHz system bandwidth, SIB1bis subframes can be included in the indication in SIB1bis as invalid subframes for PDSCH repetition and the repetition is postponed. Even if the valid DL subframe indication is not provided by SIB1bis, the repetition of PDSCH other than MTC SIB needs to be postponed in SIB1bis subframes as the default behavior.
Proposal 3: For system bandwidth larger than 1.4MHz, the repetition of PDSCH other than MTC SIB is dropped in SIB1bis subframes when the narrowband of the PDSCH is the same as the narrowband used by SIB1bis in SIB1bis subframes.
3 Conclusions
This contribution provides consideration on PDSCH collision handling. The proposals based on the discussion include:
Proposal 1: When the PRBs of PDSCH repetition overlap with PBCH repetition for system bandwidth larger than 1.4MHz, PRB-level puncturing is used for PDSCH repetition at PBCH PRBs.
Proposal 2: When the PRBs of PDSCH repetition overlap with PSS/SSS PRBs, RE level puncturing is used for PDSCH repetition at PSS/SSS REs. For PDSCH with DMRS-based demodulation, DMRS is not transmitted in PSS/SSS PRBs.
Proposal 3: For system bandwidth larger than 1.4MHz, the repetition of PDSCH other than MTC SIB is dropped in SIB1bis subframes when the narrowband of the PDSCH is the same as the narrowband used by SIB1bis in SIB1bis subframes.
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