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1
Introduction
In this contribution, we consider some remaining issues related to the PDSCH. First, performance results for PDSCH with repetition are presented and potential performance improvement techniques discussed. Second, the issue of invalid subframes for TTI bundling/repetition are discussed. Finally, redundancy version cycling during repetition is addressed. 
2
PDSCH Performance

In RAN1#80, it was agreed that for PDSCH repetition, the following techniques will be supported – multi-subframe channel estimation and frequency hopping. Other techniques were FFS. In this section, we present PDSCH performance in coverage enhancement and additional performance enhancement techniques.

Figure 1 - Figure 4 illustrate link-level performance of the PDSCH with TTI bundling for a 10MHz FDD system with 2Tx-1Rx and 100Hz residual frequency error. The PDSCH is transmitted using 6 PRBs with frequency hopping over the system BW. MCS5 is used, corresponding to TBS of 504 bits. Multi-subframe channel estimation is used and the target BLER is 10%. From the figures, it can be seen that the number of repetitions required at -4 dB is 6 and at -14.3 dB is approximately 140. 
The results from Figure 1 - Figure 2 already use frequency hopping and multi-subframe channel estimation. There are several other implementation-based approaches that can improve PDSCH performance –

· PDSCH power boosting – Boosting the PSD of the narrowband region will increase the SNR and lower the number of required repetitions. The reduction in the number of required repetitions is proportional to the amount of PSD boosting, although the extent of the gain will also depend on channel estimation performance (see Figure 3 for results). Generally, boosting the narrowband MTC region requires taking away power from other PRBs. However, since MTC traffic may be offloaded to non-busy periods where the cell is not heavily utilized, there may be no effect to the overall system throughput.
· CRS power boosting – CRS power boosting is an effective mean to lower the number of repetitions especially in a heavily loaded system where PDSCH power boosting may not be efficient (due to potential loss of capacity). CRS power boosting is most effective for UEs in very low SNRs. From [1], a gain of approximately 1.5dB has been observed with 3dB CRS boosting (also shown Figure 2).
· Use larger TBS – When segmentation is required, it is better to use as large of a TBS as possible (while still using QPSK modulation) due to increased Turbo coding gain. This gain is summarized in [2] and can be up to 0.5-0.7dB depending on the packet size (also shown in Figure 4).
Additional techniques may also be considered for PDSCH coverage enhancement such as increasing reference signal density, combining DMRS+CRS, CDMA-based transmission, or shorten CRC. Results from [1] show that increasing the reference signal density has similar effects as power boosting. Thus, this is one technique that can be considered in case of limited ability to power boost the reference signals. The expected improvement from other techniques such as CDMA-based transmission or shorten CRC is expected to be small and therefore not worth the standardization effort and increased complexity.
3
Remaining PDSCH Issues

In RAN1#81, the following working assumption was made –

· The UE assumes that at least the following subframes would not be used for at least unicast M-PDCCH/PDSCH repetition

· FFS regarding MBSFN subframe(s)

· Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)

· Special subframe configuration is signaled by MTC SIB-1

· FFS uplink subframes in TDD 

· FFS on subframe(s) assumed to be used for frequency retuning when frequency hopping occurs in every Y subframes

· FFS on subframe(s) configured for a measurement gap

· FFS on other cases
With respect to the special subframe, configurations 0 and 5 do not have enough OFDM symbols to be useful for PDSCH transmission considering the need to leave out 3 or 4 OFDM symbols for the PDCCH. Therefore, it is obvious that this working assumption should be confirmed. Other special subframe configurations can accommodate some data with mapping already defined so they can be used for unicast PDSCH repetition.
Proposal 1: Confirm the working assumption that special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP) are not used for unicast M-PDCCH/PDSCH repetition.
Subframes that are configured for measurement gap (e.g. inter-frequency or inter-cell measurement) should also not be used for repetition. Since UEs would be configured in this case, it would know which subframes to skip. 
Proposal 2: Subframes configured for measurement gap are not used for unicast M-PDCCH/PDSCH repetition.
For subframes that are assumed to be used for frequency retuning due to frequency hopping, the retuning time is dependent on the UE with possible range from 1-4 OFDM symbols. In this case, a reasonable partition of the subframe can still contain useful PDSCH data (similar to DwPTS in special subframe). Thus, it should be possible to transmit the PDSCH on the subframes used for retuning.
For MBSFN subframes, some transmission modes can be transmitted on the MBSFN subframes. In addition, in some cases there is no actual MBSFN transmission but only empty subframes (e.g. to support eICIC). Therefore, it should be possible to transmit the PDSCH repetition using MBSFN subframes.
In case the PDSCH bundle contains invalid subframes for repetition, these subframes should still be counted as part of the number of repetition although the PDSCH is not transmitted. This would help to maintain the same HARQ timing in case of invalid subframes. 
Proposal 3: Skipped subframes should be counted as part of M-PDCCH/PDSCH repetition to maintain timing relationship.
Another issue is the redundancy version (RV) to be used with repetition or TTI bundling. Several options are possible – RV value changes every subframe, RV value changes every N subframes, and using only 1 RV value during repetition. The idea behind cyling every N TTI or to always use the same RV is to allow IQ combining across subframes.  However, it is clear that using only one RV is not preferred since there would be no incremental redundancy gain with large TBS. Therefore, the redundancy version should be changed every N TTI. However, it is for FFS the value of N.
Proposal 4: Redundancy version number should be changed very N subframes during repetition.
4
Conclusion
In this contribution, we evaluated PDSCH performance results and provided some suggestions for reducing the number of repetitions required. In addition, several proposals regarding remaining PDSCH issues are made –
Proposal 1: Confirm the working assumption that special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP) are not used for unicast M-PDCCH/PDSCH repetition.
Proposal 2: Subframes configured for measurement gap are not used for unicast M-PDCCH/PDSCH repetition.
Proposal 3: Skipped subframes should be counted as part of M-PDCCH/PDSCH repetition to maintain timing relationship.
Proposal 4: Redundancy version number should be changed very N subframes during repetition.
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Figure 1. PDSCH - MCS5, 2Tx-1Rx, EPA1.
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Figure 2. PDSCH - MCS5, 2Tx-1Rx, EPA1, 3dB CRS boosting. 
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Figure 3. PDSCH - MCS5, 2Tx-1Rx, EPA1, 3dB PDSCH+CRS boosting.
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Figure 4. PDSCH – MCS9, 2Tx-1Rx, EPA1.
