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1 Introduction

Several aspects related to PDSCH transmissions were agreed in RAN1#82 including:

a) Support for TM1, TM2, and TM9. FFS for TM6 and TM8. No support for other TMs. FFS for new/modified TMs and how to handle MBSFN subframes.

b) Number of DL HARQ processes for UE in enhanced coverage in 1, 2, or 4 (FFS for small enhanced coverage).

c) The set of subframes for DL transmissions can be explicitly and cell-specifically signaled by MTC-SIB1
a. FFS: number of bits for explicit signaling, handling of MTC-SIB1, UL transmissions, UE-specific subframe unavailability
Additionally, RAN4 concluded that the UE retuning time between narrow-bands is at most 2 subframe symbols [1]. 
Further, use of different redundancy versions (RVs) for successive repetitions of PDSCH or PUSCH transmissions was discussed in RAN1#80 and RAN1#81 and the following agreements were made:
Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

Agreements:
· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

This contribution discusses the remaining FFS aspects for PDSCH transmission to Rel-13 low cost UEs. 
2 PDSCH Transmission

Transmission Modes
Support for TM9 is agreed, support for TM8 is FFS. The two TMs are practically identical for PDSCH with rank 1. However, CSI for TM9 is based on CSI-RS while CSI for TM8 is based on CRS. This is problematic as CSI is based on CRS for all other TMs. Moreover, CRS-based CSI is more robust, low cost UEs may not support CSI-RS based CSI feedback for up to 8 layer beamforming with TM9, and it is unclear how the intermittent CSI-RS can be used for CSI reference resource extended over M subframes. One benefit of TM9 is the support of PDSCH in MBSFN subframes without having to introduce/modify a TM; otherwise, there is no practical reason to support TM9. However, support of PDSCH transmissions in MBSFN subframes can be supported by TM8 in the same manner as for TM9.
Proposal 1: Support for TM8 is maintained. Extend support of TM8 to MBSFN subframes.
Both TM6 and TM8 allow for rank-1 closed-loop spatial multiplexing. TM6 is based on CRS while TM8 is based on DMRS. Given that a Rel-13 low cost UEs needs support DMRS-based demodulation (e.g. for M-PDCCH) there is little motivation to support TM6 given that for coverage enhancements DMRS inter-subframe filtering is also available.

Observation 1: With support for TM8, support for TM6 is not necessary. 

Number of DL HARQ processes in enhanced coverage

It is well understood that for HD-FDD UEs or TDD UEs in extended coverage operation, only 1 DL/UL HARQ process can be supported following conventional HARQ timelines and having time continuous repetitions. The motivation for introducing more HARQ processes stems from the objective to have time discontinuous repetitions to increase time diversity, especially for small system bandwidths, without decreasing the data rate (e.g. [2]). 
However, unlike SIB or, in general, UE-common signaling without HARQ-ACK feedback or HARQ retransmissions, time interleaved repetitions of different data TBs require the UE to wait (due to narrow-band switching even in the DL) until all repetitions for all HARQ processes end before receiving HARQ-ACK feedback or M-PDCCHs. Regardless of whether or not the M-PDCCHs are also time-interleaved, it is unclear whether there will be any improvement in data rates when considering the combined M-PDCCH/PDSCH or M-PDCCH/PUSCH transmission structure for all HARQ processes. Possible remedies can be the introduction of a DCI format for multi-subframe assignments (similar to operation with TDD UL/DL configuration 0) or of a longer TTI length to support larger data TBs (this could also save packet overhead) in order to increase time diversity while also somewhat increasing the data rate. 
Considering the limited applicability for the benefits of time interleaving (operation in small bandwidths and UEs requiring large coverage enhancements having large data packets to transmit/receive) and the completion schedule for the specifications, it is preferable to not pursue such optimizations in Rel-13. As support of a single DL/UL HARQ process will be default in practice, the only issue is how many HARQ processes can be supported by a DCI format for enhanced coverage operation. This can be concluded after the respective design is finalized. If more than 1 HARQ processes can be supported by the DCI format for “free”, this can be considered for forward compatibility purposes.
Proposal 2: Consider as working assumption that the number of DL/UL HARQ processes in enhanced coverage operation is 1. Allow for more DL/UL HARQ processes if this can be supported by respective DCI formats without increasing their sizes.   
For UEs in “small” extended coverage, the same DCI formats as for operation in normal coverage will be used. Moreover, a UE may dynamical transition between normal and “small” extended coverage, for example due to power allocation decisions by the eNB. Therefore, although only 1-2 HARQ processes may be occasionally possible to support for UEs in “small” extended coverage, this is not reflected in the DCI formats for such UEs. 

PDSCH Repetitions
Using different RVs for repetitions of a PDSCH/PUSCH transmission can improve BLER and it is also used for PUSCH bundling for legacy UEs. Alternatives for combining retransmissions (can be viewed as repetitions) of a data TB include chase combining (CC) and incremental redundancy (IR). The tradeoff of IR over CC is the improved BLER at the expense of a larger receiver buffer size. For legacy UEs, improved performance outweighs the increase in the receiver buffer size as the data TBs can be large and the associated cost is not significant relative to the total UE cost. For low cost UEs, as the operating conditions can often significantly diminish/eliminate BLER gains of IR over CC and as the buffer size is an important metric, the use of IR over CC should be reassessed at least for UE in coverage enhanced operation considering that IR is used for SIB transmissions and the associated UE buffer requirements. 
Performance Aspects

For low cost UEs, the comparison between IR and CC needs to consider the data TBS, the code rate, and the associated low cost UE receiver requirements, especially in conjunction with repetitions for inter-subframe DMRS filtering. This is because for small data TBS or for relatively low code rates (e.g. 1/2 or less), as it is typically the case for a PDSCH transmission with repetitions, the difference between systematic bits and parity bits in different RVs is small. Then, the performance difference between IR and CC is marginal (e.g. [3, 4]). Figure 1 from [3] presents the spectral efficiency for QPSK with code rate 1/2 for CC and IR. It can be observed that the difference between CC and IR is negligible. 
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Figure 1: Spectral Efficiency for CC and IR for QPSK and code rate 1/2.
UE Receiver Complexity Aspects

CC enables a low cost UE receiver to combine repetitions of a PDSCH transmission on a symbol level prior to decoding (assuming each repetition of YCH repetitions is a copy of the first repetition including for scrambling – as a maximum retuning latency is 2 subframe symbols, YCH = X is assumed). Data symbol combining can be at I/Q symbol level prior to demodulation. For repetitions in the same narrow-band, DMRS filtering can also be at I/Q symbol level, a single demodulation operation is needed, and improved BLER can be achieved. Although I/Q symbol level combining is susceptible to frequency error, the UE can use repetition copies to increase an effective SINR and correct the frequency error [5]. This is also now considered for the mapping of PBCH repetitions.  
Generally, IR disables data combining at I/Q symbol level. Instead, bit-level combining is needed after demodulation at the LLR level. Therefore, a 2x buffer size is needed (assuming QPSK in case of repetitions). A separate demodulation operation is potentially also needed for each repetition. For RV cycling among successive repetitions, a separate buffer is needed for each RV as combining is at the LLR level (total buffer size increases with each IR transmission). Considering that IR is used for SIB transmissions, this can further increase the UE buffer requirements in practice.
Therefore, IR requires buffering of (soft) bits while CC requires buffering of (soft) symbols, IR requires larger UE buffer as it requires a separate buffer of soft bits for each RV and, for repetitions with DMRS filtering across subframes, IR requires 4 demodulation operations while CC requires a single demodulation operation. Nevertheless, for repetitions, the increase in demodulation operations and the separate buffering for each RV can be avoided if RV cycling is performed per number of subframes where DMRS can be combined (YCH). Then, the following options exist:

a) Support IR for successive PDSCH repetitions. This will increase an associated receiver complexity and can degrade BLER as it does not enable the UE to correct the frequency offset using copies of PDSCH repetitions. 
b) Support only CC for PDSCH repetitions. This option will incur some spectral efficiency loss when a large TBS with a large code rate is used but this is unlikely when repetitions are used for a PDSCH transmission.
c) Support IR but transmit replicas of repetitions in YCH subframes. This captures all potential IR gains while allowing improved frequency offset correction, improved demodulation performance, and orthogonal UE multiplexing, but does not ultimately avoid increased buffering requirements.
Based on the above tradeoffs, the first option or the third option is preferred.

Proposal 3: Either CC is used for a PDSCH transmission with repetitions or repetitions of a PDSCH transmission over YCH subframes are identical and RV cycling for IR is used per YCH subframes.  
Valid Subframes
The subframes where repetitions of a PDSCH (or, in general, of a DL) transmission can occur are signaled in MTC-SIB1 using a 24-bit pattern to account for ABS considering that subframes 0, 4, 5, 9 in FDD and 0, 1, 5, 6 in TDD are always available (whether subframes 1 and 6 are available in TDD can be signaled in the MIB [6]. No special handling is needed for MTC-SIB1. For UL transmission, a 9-bit pattern is needed to account for eIMTA (i.e. to provide the DL-reference UL/DL configuration) considering that subframe 2 is always available.   

Proposal 4: Valid DL subframes and valid UL subframes are indicated in MTC-SIB1 by a 24-bit pattern and by a 9-bit pattern, respectively.
3 Conclusions

This contribution considered PDSCH transmissions to low cost UEs and proposes the following.
Proposal 1: Support for TM8 is maintained. Extend support of TM8 to MBSFN subframes.
Proposal 2: Consider as working assumption that the number of DL/UL HARQ processes in enhanced coverage operation is 1. Allow for more DL/UL HARQ processes if this can be supported by respective DCI formats without increasing their sizes.   

Proposal 3: Either CC is used for a PDSCH transmission with repetitions or repetitions of a PDSCH transmission over YCH subframes are identical and RV cycling for IR is used per YCH subframes.  

Proposal 4: Valid DL subframes and valid UL subframes are indicated in MTC-SIB1 by a 24-bit pattern and by a 9-bit pattern, respectively.
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