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1 Introduction

In RAN1#82, the following was agreed on precoding matrix for PDSCH with DMRS-based transmission. 

	· When frequency hopping is configured for the PDSCH with DMRS-based transmission , 

· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes

· Precoding matrix may vary  from one set of X subframes to another set of X subframes

· X is the number of consecutive subframes where PDSCH is transmitted in the same narrowband (excluding retuning time)

· This does not preclude dis-continuous transmission of the PDSCH

· FFS: When frequency hopping is not configured for the PDSCH




As can be observed, the agreement only addresses the scenario where frequency hopping is configured. It is unclear if the precoding matrix can be assumed to stay constant for every group of X subframes when frequency hopping is NOT configured. In this contribution we discuss this issue.
2 Discussion
2.1 M-PDCCH

Precoder has been discussed in the context of M-PDCCH, and the following agreements were made:
	Agreement:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.
· FFS: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes.
· FFS: Details on PRG size
· Companies are encouraged to evaluate potential performance benefits due to PRG, especially comparing with precoding diversity. Impact due to frequency offsets can also be considered


Thus precoder may vary from one set of X subframes to next set of X subframes, regardless of configuration of frequency hopping.

We believe the same should be done also for DMRS-based PDSCH.

2.2 PDSCH without frequency hopping

For LC/CE UE, bundling (i.e., repetition of a given transport block across multiple subframes) is necessary. For a transport block transmission that spans multiple subframes in time, time-domain precoding diversity can be obtained, in addition to other types of diversity (e.g., frequency diversity via frequency hopping).

This technique applies to all DMRS-based DL transmission where the precoder Wi is applied to DMRS as well as the modulation symbols of the corresponding PDSCH in the same subframe.  When the UE has sufficiently good frequency tracking of an eNB’s downlink, the UE can coherently accumulate repetitions across a set of M subframes, when it knows that eNB has used the same precoding vector Wi. The UE can use this knowledge to improve channel estimation from DMRS in the M subframes. Therefore, knowing when the same precoding is used also allows it to know when it should perform channel estimation by using the combined reference signals within each set of subframes and coherently combine signals received over different sets of subframes.

From one set of M subframes to the next set of M subframes, the precoding vector may change to obtain spatial diversity. Over N sets of M subframes, the eNB can cycle through a maximum of N potentially different precoding matrices. Note that with DMRS based precoding, the precoding matrices used are transparent to the UE, i.e., it is not necessary to predefine or signal the Wi to the UE.

Note that here precoder Wi is a vector since eNB always use Rank 1 transmission to the LC/CE UE. Because rank 1 precoding is used, only one DMRS port (port 7) is necessary in a given subframe, regardless of the number of antenna elements used to transmit on the DMRS port. This saves RS overhead compared to using more DMRS ports.
To support the precoding diversity described above, the only parameter that needs to be defined is precoder periodicity M. The precoder period during which the same precoder is used can be predefined, or explicitly/implicitly signalled via RRC. 
Considering the above benefits, DMRS based periodic precoder cycling can be used when frequency hopping is disabled. Due to precoder cycling, spatial domain diversity is achieved to help compensate for the lack of frequency-domain diversity. As illustrated in Figure 3‑1, for transmitting a given information block, N*M subframes are used. The first set of M subframes use precoder W0, the second set of M subframes use precoder W1, …. the N-th set of M subframes use precoder WN-1.  
The alternative design is to hold the precoder constant across all repetitions. This may not be a significant issue when the number of repetitions is small. However, for UEs in medium-to-large coverage enhancement, 100-300 repetitions may be necessary. For these scenarios, always holding the precoder constant is not desirable. 
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Figure 3‑1 Precoder cycling without frequency hopping

Proposal:

· When frequency hopping is NOT configured for the PDSCH with DMRS-based transmission , 

· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes

· Precoding matrix may vary  from one set of X subframes to another set of X subframes

3 Conclusions

In this contribution, we discussed the remaining issues related to precoding matrix of DMRS-based PDSCH. Based on the discussion, we have the following proposals.

Proposals:

1. When frequency hopping is NOT configured for the PDSCH with DMRS-based transmission , 

· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes

· Precoding matrix may vary  from one set of X subframes to another set of X subframes
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