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Discussion
Introduction

The repetition of PDSCH transmission is essential technique to increase coverage in MTC. In this contribution we study the impact of the finite length of the scrambling code on the performance when large number of repetitions is scheduled in presence of interfering cell. Possibilities to increase the length of the PDSCH data and PDSCH DMRS scrambling code are discussed. Additional discussion exists on utilization of different reference signals for different agreed transmission modes and on timing between M-PDCCH and PDSCH.
Discussion 

Repetition transmission

Repeating information only yields signal to noise ratio gains and possibly some diversity 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 and cycling of RV versions was already agreed for PUSCH in previous meeting [3]. 
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 PDSCH DMRS to span multiple radio frames.
For the MTC PDSCH DMRS the calculation of the initialization variable in every subframe could be modified as follows:
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Where new parameter nfr equals radio frame number derived from system frame number. It makes sense to limit the range of nfr by calculating from example nfr = SFN % nfr,max, where SFN equals the system frame number and nfr,max equals the maximum value of nfr. For example, if maximum number of repetitions supported was 128 then nfr,max could be 16 and signalling nfr  would require 4 bits.
For the MTC PDSCH data scrambling the modification is more demanding as most of the bits in cinit are already used. The option of increasing amount of bits in cinit and defining longer generator memory is not desirable as this would increase overall complexity. On the other hand, MTC uses only one codeword and bit position for q can be reused. One option is to use the space originally reserved for q for the first bit of nfr. The rest of the bits could possibly be added to the space reserved for the nRNTI. In other words
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The drawback of the approach is that in order to have unique cinit for all subframes inside nfr,max cycle all nRNTI values could not be used. If nfr,max = 4, every other nRNTI could lead to same cinit value in different radio frame. It has been mentioned before that nfr,max= 16 would be enough to completely randomize the interference for up to 160 repetitions. However that may not be necessary but some kind of compromise could be done between the two mentioned extremes. Also identification of the owner of the data is mainly performed while decoding the M-PDCCH.
Proposal 1: Discuss if PDSCH data and PDSCH DMRS scrambling code should cover multiple radio frames
Simulation results on repetition transmission
Simulations according to parameters in Appendix 1 were conducted in order to study the impact of the length of the scrambling code. The simulations assume 6 PRB wide MTC PDSCH transmission which hops between the edges of the 10 MHz system bandwidth. The simulated number of repetitions was 40. The repetitions follow each other in time as only 1 HARQ process is assumed and the combining is performed in the HARQ process allowing use of different RV versions. The interference is generated by one dominant interferer and the rest of the interference is modelled as white noise. It is also assumed that similar MTC PDSCH transmission with same hopping occurs in the interfering cell. 

Two cases are compared where the DMRS and PDSCH data scrambling is initialized in the beginning of each subframe as in the current LTE specification or initialization is performed to include additional index calculated from system frame number as discussed in the previous section. In the modified case the scrambling code repeats every 4 radio frames.
It can be observed from Figure 1 that longer scrambling code improves performance. More insight can be gained by looking block error rates in Appendix 2 after 1, 10, 20 or 40 transmissions have been combined. The performance of the compared methods is similar up to 10 repetitions which fit into one radio frame. After that, there is a performance difference. It may be acknowledged that other means may be used to mitigate the problem caused by the length of the scrambling code as well. Different hopping patterns might be applied in different cells but then on the other hand, the mirroring hopping scheme has been somewhat popular proposal. In addition, it could be that the frequency hopping is not used.
Observation 1: Introducing long scrambling quarantees better averaging of intercell interference providing gain in the order of 1.5 dB in simulated conditions
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Figure 1. BLER assuming 40 repetitions.
Reference signal

According to agreements in the previous meeting the TM 1, 2, 6 and 9 are supported [3]. The TM1, 2 and 6 use CRS as a demodulation phase reference whereas TM9 use DMRS. During the TM9 transmission both CRS and DMRS are transmitted and one could consider if both of these can be utilized. 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.

The use of CRS and DMRS is at least partly an implementation issue but some more parameters should be known by the UE in order to achieve the best result. 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 [4]. 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 agreements in [5] 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.

It was agreed in RAN1 #83 meeting that combined CRS and DMRS based demodulation is not used for M-PDCCH [3]. Considering the above it would be straightforward to apply the same principle for PDSCH also and only use CRS or DMRS depending on the TM.

Observation 2: CRS could potentially be used in addition to DMRS in TM9 if precoding and power offsets are known but use of only one RS is favoured due to the complexity reasons
Timing between M-PDCCH and PDSCH

It was 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 [5] for the two cases:

Case 1: Narrow band is indicated by DCI.
Case 2: Narrowband remains the same or is known. 

The RAN1 #83 agreed the following: “For DL cross-subframe scheduling Case 1 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level” [3]. Hence, the k has been agreed to equal 2 for retuning and PDCCH decoding.

In Case 2 working assumption from RAN1 #82 is that such extra time would not exist, i.e. 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 M-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 of 2 OFDM symbols covers the time needed to change the narrowband. This 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 and this was also the assumed solution in the started DCI content discussion [3]. If frequency hopping is used, the hopping pattern can proceed after the first part of the PDSCH. It is however proposed that only the one already agreed timing is specified between the M-PDCCH and PDSCH.

Proposal 2: Only the one already agreed timing is specified between the M-PDCCH and PDSCH.
Conclusion
In this paper we have made the following observations and proposals:
Proposal 1: Discuss if PDSCH data and PDSCH DMRS scrambling code should cover multiple radio frames
Observation 1: Introducing long scrambling quarantees better averaging of intercell interference providing gain in the order of 1.5 dB in simulated conditions
Observation 2: CRS could potentially be used in addition to DMRS in TM9 if precoding and power offsets are known but use of only one RS is favoured due to the complexity reasons
Proposal 2: Only the one already agreed timing is specified between the M-PDCCH and PDSCH.
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Appendix 1: simulation assumptions

	parameter
	value

	System bandwidth
	10 MHz

	Number of interfering cells
	1

	Interfering cell DIP
	-3 dB

	Antenna configuration
	1x1

	Narrowband configuration
	6 PRBs, hopping between systemband edges every subframe

	Propagation channel
	EPA, 1Hz Doppler

	Transport block size
	328 bits

	Number of repetitions
	40

	Number of HARQ processes
	1

	RV sequence
	Cycling of sequence [0,1,2,3]

	Channel estimation
	MMSE from DMRS

	Timing error
	None

	Residual frequency error
	None


Appendix 2: Simulation Results
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Figure 2. Block error rate of the 1st transmission.
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Figure 3 Block error rate of the 10th transmission.
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Figure 4 Block error rate of the 20th transmission.
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Figure 5 Block error rate of the 40th transmission.


