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Discussion
Introduction

In this contribution we discuss some open issues related to PDSCH in MTC context. Good progress was made in RAN1 #82 on defining supported transmission modes for the LC MTC UEs and UEs operating in CE [2]. In this contribution we discuss the support for the PDSCH transmission modes that remained open after previous meeting. Impact of CE on precoding, scrambling and PDSCH timing is also discussed.
Discussion 

Transmission scheme
Good progress was made in RAN1 #82 on defining supported transmission modes for the LC MTC UEs and UEs operating in CE. The Table 1 adapted from [3] summarizes current agreements from [2] and also summarizes our view on the remaining transmission modes. Mainly the support for the TM6 and TM8 remained open. 
In PDSCH transmission perspective closed loop precoded TM6 can be handled by TM9 transmission. Both can effectively support same precoding vectors, the difference being in the channel estimation for demodulation. The TM9 uses DMRS channel estimation but this needs to be supported anyway since TM9 has been agreed to be supported already. Considering the limitation to transmitting only one layer there is not that much difference between TM8 and TM9 either. The DCI format 1A/2B is currently used in TM8 instead of 1A/2C in TM9 impacting the mapping of DM-RS scrambling and antenna port selection. However, TM9 should support already similar DCI signalling content as TM8. Further, the DCI content is most likely redesigned for MTC anyway reducing the practical difference between the transmission modes. The TM8 feedback is based on CRS and is limited to maximum of 4 antenna ports. The TM9 can currently be configured with up to 8 AP NZP CSI-RS which is used in feedback calculation if pmi-RI-Report is configured. 
The Table 2 summarizes possible CQI and PMI feedback cases. In normal coverage and small CE case CQI and PMI feedback could be beneficial. If frequency hopping is enabled use of CRS as a reference would be easier for the CQI feedback since it exists in every subframe. However, PMI feedback can not be used in practice since it has been agreed that:  “Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes” [2]. The optimal PMI can not be known before entering the narrowband and the PMI can not be changed before leaving the narrowband. Hence the precoding should be pseudo random. If frequency hopping is not used, the CQI and PMI can be derived from CRS or CSI-RS. Hence, it could be beneficial that CRS based CQI and PMI feedback is supported in TM9 also. On the other hand, the CSI feedback most likely requires changes anyway. Therefore, it is proposed that neither TM6 nor TM8 is supported and CRS based CQI/PMI feedback is allowed in TM9.
For the UE operating in normal coverage or using very small coverage enhancement level, the PMI and CQI feedback may have some benefit. However, for the UE operating in the enhanced coverage, the feedback most likely is outdated due to longer measurement time, long feedback transmission time and long downlink signalling time. Hence, it is proposed that neither PMI nor CQI feedback is transmitted if at least large repetition value is used. CSI feedback is discussed in more detail in companion paper [4]. 
The alternative to PMI feedback is to use vector precoding without feedback. In other words, precoding vector is changed based on known pattern. The benefit of this approach is that DMRS is designed for such schemes. The diversity gain could be achieved by changing the precoding vector in frequency or time domain if repetitions are used. On the other hand, channel estimation would require maintaining the precoder constant over amount of resources used for estimation and it has been agreed in RAN1 #82 [2] that “Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes” if ”frequency hopping is configured for the PDSCH with DMRS-based transmission”. If the precoder could be the same over, for example, 3 PRBs then channel estimation filter could be spanned over more than one PRB in frequency. 
The feedback free precoding could be codebook or non-codebook based. The DMRS can handle a non-codebook based approach but the benefit of known codebook could arise if CRS would be used in addition as a possible phase reference.

Proposal 1: The LC MTC UEs and UEs operating in CE do not support TM6 or TM8.

Proposal 2: CRS based CQI/PMI feedback is allowed in TM9.
Observation 1: There is slight preference on precoding without feedback at least for large coverage enhancement values.

Table 1. Supported TMs for LC MTC UEs and UEs operating in CE.

	TM
	Purpose
	Support for LC MTC UEs and UEs operating CE

	1
	Single antenna port, port 0
	yes, agreed in [2]

	2
	Transmit diversity
	yes, agreed in [2]

	3
	Large delay CDD
	No, agreed in [2]

	4
	Closed-loop spatial multiplexing 
	No, agreed in [2]

	5
	Multi-user MIMO 
	No, agreed in [2]

	6
	Closed-loop spatial multiplexing  using a single transmission layer
	Proposed not to be supported

	7
	Single-antenna port, port 5; Rel.8 DMRS
	No, agreed in [2]

	8
	Dual layer transmission, port 7 and 8 or single-antenna port, port 7 or 8; Rel.9 DMRS
	Proposed not to be supported

	9
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS
	yes, agreed in [2] 

(1 layer in MTC)

	10
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS + Rel.11 CSI enhancements
	No, agreed in [2]


Table 2. Possible CQI and PMI feedback cases.

	
	Normal coverage and small CE
	Large CE

	Frequency hopping
	-CQI feedback enabled from CRS
-pseudo random PMI
	-CQI feedback disabled

-pseudo random PMI

	No frequency hopping
	-CQI feedback enabled from CRS or CSI-RS
-PMI feedback enabled from CRS or CSI-RS
	-CQI feedback disabled

-pseudo random PMI


Reference signal

The density of DMRS is higher than CRS per antenna port making it more preferred phase reference signal in performance point of view at least if power offsets are not considered. On the other hand, changing precoding in frequency domain may set limits on the filter span in frequency. Hence, the precoder should be known to be constant over a few PRBs. The CRS is a common signal and it does not have such a limitation. In time domain, the assumed large frequency offset of 100 Hz [1] sets limits to time domain averaging for both CRS and DMRS.
Thinking that DMRS is transmitted and CRS exist anyway there is a natural question whether these signals can be used together to improve channel estimation quality. On the other hand, this is at least partly an implementation issue. Considering that the precoding pattern is known by the UE even if being changed pseudo randomly, the combining could be attempted. 
Also the power offsets should be known between CRS, DMRS and PDSCH RE in order to make efficient combining. Currently, the PDSCH EPRE to cell-specific RS EPRE for TM1-7 and TM8-10 if UE-specific RSs are not present is defined by the variables ρA and ρB which are controlled by higher layer parameter PA for other than QPSK modulations [5]. For single layer QPSK modulation higher layers parameter servCellp-a-r12 controls the power offset if configured. For the PDSCH EPRE to UE-specific RS EPRE ratio 0 dB can be assumed at least for single layer transmission in TM8-10. 

The necessary power offsets are known if both of the cell-specific and UE-specific rules can be assumed to hold simultaneously including the configuration of the servCellp-a-r12.  As the recent agreements in [6] allow use of both QPSK and 16QAM for the PDSCH the UE should be aware of the power offset between the RSs and the data REs.
Observation 2: CRS could potentially be used in addition to DMRS if precoding and power offsets are known but use of only one RS is favoured due to the complexity reasons

Repetition transmission

Repeating information only yields signal to noise ratio gains and possibly some diversity like gain. The LTE coding chain allows use of different RV versions for retransmissions which increases the coding gain after combining. On the other hand, the 1/3-rate base code means that limited coding rate reduction is available through using different RV versions in assumed MTC use cases where small packets are transmitted. In some cases use of different RV versions for repetitions could be beneficial though. The cost of using different RV versions relate mainly to soft combining if it is assumed that known RV pattern is used and no additional signalling is needed.
Some papers like [1] have been discussing IQ symbol combining of repetitions instead of soft bit combining in HARQ. The IQ combing would require that the transmitted symbols are exactly the same in combined subframes. Different rate matching needs in subframes might exist due to, for example, CSI-RS in certain subframes. Considering the potential gain of using different RV versions, the soft bit combining could be considered as the preferred method.
It has been currently assumed that very large number of repetitions may be needed. For example, repetition factors of larger than 100 have been proposed. This would mean that transmission spans 10 radio frames in FDD. In current system scrambling of data and DMRS has been designed to span over one radio frame and the pattern is then repeated. One of the purposes of the scrambling is to provide randomization of the interference. Assuming longer combining of subframes than a radio frame would mean that the scrambling code is not random anymore and there may be some risk that inter-cell interference is not averaged. To prevent this risk the length of the scrambling code should be increased. One relatively easy way to accomplish this could be modification to scrambling code initialization where, for example, system frame number is used to extend scrambling code of PDSCH and DM-RS to span multiple radio frames.
Proposal 3: Use known RV patterns for repetitions and use soft bit combining
Proposal 4: Extend scrambling code to cover multiple radio frames inline with longer repetition lengths

Timing between M-PDCCH and PDSCH

It has been agreed in RAN1 #82 that “In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements” [2]. The timing has also been discussed in RAN1 #81 [6] for the two cases:

Case 1: Narrow band is indicated by DCI.
Case 2: Narrowband remains the same or is known. 
For the Case 1 it is assumed in that there is at leat one extra subframe time to be used for retuning and PDCCH decoding k>=2. In Case 2 working assumption is that such extra time would not exist k=1. However if frequency hopping is done only for PDSCH then the DCI needs to be received in order to the UE to know if PDSCH frequency hopping need to be initiated. Hence PDCCH decoding needs to be completed before hopping can start even if frequency hopping is pre-defined. In this sense the difference between the two cases diminishes. Based on this the benefit of Case 2 can be seen questionable and it would be better to use always timing similar to case 1.

If Case 2 is being introduced with different timing then the decoding time of the M-PDCCH should be taken into account when defining the timing between M-PDCCH and PDSCH. Currently, it has been assumed that retuning time covers the time needed to change the narrowband. This time is pending on RAN4 decision but it may be inadequate to both decode M-PDCCH and change the narrowband. A simple solution avoiding additional overhead is a limitation that the first part of the PDSCH transmission after the M-PDCCH reception follows in the same narrowband. This approach does not force UE to change narrowband in tight time budget and allows UE some implementation freedom in handling buffered data etc. If frequency hopping is used, the hopping pattern can proceed after the first part of the PDSCH transmission.

Proposal 5: For Case 2 initial PDSCH transmission uses the same narrowband as M-PDCCH.
Conclusion

In this paper we have made the following observations and proposals:
Observation 1: There is slight preference on precoding without feedback at least for large coverage enhancement values.
Observation 2: CRS could potentially be used in addition to DMRS if precoding and power offsets are known but use of only one RS is favoured due to the complexity reasons
Proposal 1: The LC MTC UEs and UEs operating in CE do not support TM6 or TM8.

Proposal 2: CRS based CQI/PMI feedback is allowed in TM9.

Proposal 3: Use known RV patterns for repetitions and use soft bit combining
Proposal 4: Extend scrambling code to cover multiple radio frames inline with longer repetition lengths
Proposal 5: For Case 2 initial PDSCH transmission uses the same narrowband as M-PDCCH.
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