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1 Introduction

In the RAN4 #73 meeting, the D2D demodulation requirements were discussed, and the scope of demodulation performance tests were agreed in WF [1], and simulation assumptions for REFERENSE were captured in WF [2]. 

Considering the D2D demodulation requirements, as mentioned in our contribution [3], we think the multi-D2D link connection and practical time-offset modelling are essential for D2D demodulation requirements, so in this contribution, we would discuss the modelling of time-offset between D2D communication/discovery connection and D2D synchronization connection.
As starting points, we mainly focus on intra-cell scenarios, and the analysis for inter-cell and out-of-coverage scenarios would be discussion following the similar ways. 
2 Background
In this section, we would like to review the configuration of D2D transmission and receptions regarding the intra-cell scenarios based on the RAN1 agreements.
· With respect to the intra-cell scenarios, the D2D target UE and source UE could both obtain time-synchronization from one eNB, then the D2D transmission/reception could be realized without D2DSS and PSBCH.
· Considering intra-cell scenarios, regarding the timing of D2D transmission, the following agreements are reached

· PSDCH, PSCCH, PSSCH (mode 2 only) : DL timing
· PSSCH (mode 1 only): UL timing

Based on the above conclusion, in the following section, we would like to discuss the following two cases respectively:

· D2D reception on UL-timing based D2D transmission 
· D2D reception on DL-timing based D2D transmission
3 D2D reception on DL-timing based D2D transmission
In this section, we will discuss the UE behavior on how to perform D2D reception on DL-timing based D2D transmission in intra-cell scenarios, and how to define the time-offset for D2D demodulation requirements.

Firstly, an illustration is given to show the time-offset. Shown in Figure 1, let’s define that 
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is the distance between the D2D TX UE and eNB (Synchronization source) and 
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 is the maximum coverage of D2D signal, so it’s reasonable to assume
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 is DL-timing observed by D2D TX UE, and 
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is the transmission time from D2D TX UE to D2D RX UE. 
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Figure 1 the time-offset between D2D reception and DL-timing
Considering that in intra-cell scenarios, so it could be deduced from the above illustration that:

· Due to different location of D2D RX/TX UE, observed by D2D receptions UE, compared with DL-timing, the time-delay of D2D signal would be within 
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, which means the maximum time-offset depends on the maximum coverage of D2D  transmission.
· For D2D reception UE, as the D2D signal might come just behind the DL-timing, so the D2D reception UE would perform signal receiving at DL-timing, although the D2D signal may come after 
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 and exceed the CP region.
· D2D reception UE would be not able to keep direct time synchronization with the D2D transmission UE because of the absence of D2DSS.
Based on the above discussion, the UE behaviour of receiving DL-timing based transmission is that a D2D reception UE shall use own DL-timing to perform D2D receptions, and shall realize a time-delay may exist depending transmission  distance.
Regarding the issues that the maximum time delay 
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 might exceed the CP length, in our opinion, as different TX resource pool would be configured by eNB with different CP length, so, the D2D source UE has responsibility to choose the correct resource pool. For example, if the D2D-source-UE expects a large coverage, it shall choose the long CP pool. So, from this point of view, for D2D reception UE, it could always assume that the D2D signal will be included within CP regain.
Proposal 1: Regarding the UE behaviour of D2D reception UE when receiving the DL-timing based D2D signal, it’s assumed:
· The D2D reception UE shall perform the receiving based on DL-timing
· The time-offset between D2D signal arriving and DL-timing shall be within [0 CP]
Regarding the above UE behaviour, from the D2D reception UE point of view, the time-offset between D2D signal arriving and DL timing for D2D demodulation requirements should be introduced. 
Proposal 2: In intra-cell D2D demodulation requirements, if it’s DL-timing based transmission, the time-offset should be introduced and determined between [0 CP].
Based on the UE behaviour in proposal 1, with respect to keeping the time-offset of D2D signal within CP region, it’s expected the maximum D2D coverage for different CP length would be:
	CP length (
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	144*Ts
	4.6875us
	703m

	512*Ts
	16.667 us
	2500m


Observation 1: With respect to the UE behaviour of time-synchronization when receiving D2D signal, the maximum coverage for D2D would be:

· 703m for short CP

· 2500m for long CP
4 D2D reception on UL-timing based D2D transmission
In this section, we will discuss the UE behavior on how to perform D2D reception on UL-timing based D2D transmission in intra-cell scenarios, and how to define the time-offset for D2D demodulation requirements. It should be mentioned our discussion is based on preliminary RAN1 conclusion listed in Appendix.
For communication mode 1, the PSSCH is transmitted by UL timing. From reception point of view, the D2D reception UE is able to know the communication mode of PSSCH, mode 1 or mode 2, and the general Ta values indicated in corresponding PSCCH. 
Also, Figure 2 would illustrate timing issues for UL-timing based transmission. We still define that 
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is the distance between the D2D TX UE and eNB (Synchronization source) and 
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 is the maximum coverage of D2D signal, so it’s reasonable to assume
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 is DL-timing observed by D2D TX UE, so the 
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of D2D transmission UE is 
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is the transmission time from D2D TX UE to D2D RX UE. 
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Figure 2 the time-offset between D2D reception and UL-timing
Considering that in intra-cell scenarios, so it could be deduced from the above illustration that:

· Due to different location of D2D RX/TX UE, observed by D2D receptions UE, compared with DL-timing, the time-advanced of D2D signal would within
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Based on current conclusion from RAN1, described in Appendix, As 
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 (only 6bit) would be signalled in PSCCH to indicate a range of 
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 in which the real 
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value used by D2D transmission UE is covered, for example, if 
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, then the range of candidate 
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 used by D2D transmitter is 
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. Given such situation, there will be different understanding on UE behaviour now, such as:
· UE behaviour 1: UE would capture a certain Ta value, such as the maximum possible Ta value, as the reception-timing to performance D2D signal receptions, and still assume the time-delay between D2D signal arriving and reception-timing is within [0 CP].
· With maximum possible Ta value, the time-delay of D2D signals arriving and the reception timing is actually within 
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, so the eNB/D2D transmission UE would take the responsibility of guarantee such demodulation performance with given such UE behavior. 
· UE behaviour 2: the D2D reception UE shall perform further time-synchronization with D2D transmission UE by PSSCH before perform demodulation on PSSCH. 
· The time windows for further time-synchronization would be 
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 advanced DL-timing, and 
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Apparently, UE behaviour 1 introduces a great restriction on the utilization of communication mode1 because only extended CP is feasible, and deteriorates the demodulation performance. Meanwhile, the UE behaviour 2 would increase the UE complexity, and the performance of further time-synchronization based on PSSCH need further clarification with small PRB allocation. Regarding the drawback and advantage of two options, we temporarily prefer to capture UE behaviour 2 to receive communication mode 1.
Proposal 3: Regarding the UE behaviour of D2D reception UE when receiving the UL-timing based D2D signal (PSSCH with mode 1), it’s assumed:

· The D2D reception UE shall perform further time-synchronization based on PSSCH before demodulation 
Regarding the above UE behaviour, from the D2D reception UE point of view, the time-offset between D2D signal arriving and DL timing for D2D demodulation requirements should be introduced. 
Proposal 4: In intra-cell D2D demodulation requirements, if it’s UL-timing based transmission, the time-offset between D2D signal arriving and DL timing should be
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5 Conclusion
In this contribution, we discuss the UE behaviour and time-offset (advanced) configuration for D2D demodulation requirements, based on our discussion, we propose that:

Proposal 1: Regarding the UE behaviour of D2D reception UE when receiving the DL-timing based D2D signal, it’s assumed:

· The D2D reception UE shall perform the receiving based on DL-timing

· The time-offset between D2D signal arriving and DL-timing shall be within [0 CP]
Proposal 2: In intra-cell D2D demodulation requirements, if it’s DL-timing based transmission, the time-offset between D2D signal arriving and DL timing should be introduced and determined between [0 CP].

Proposal 3: Regarding the UE behaviour of D2D reception UE when receiving the UL-timing based D2D signal (PSSCH with mode 1), it’s assumed:

· The D2D reception UE shall perform further time-synchronization based on PSSCH before demodulation
Proposal 4: In intra-cell D2D demodulation requirements, if it’s UL-timing based transmission, the time-offset between D2D signal arriving and timing should be introduced and determined between
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7 Appendix
The conclusion of timing for Communication Mode 1 data transmission from RAN1 in the last meeting:
14.2.1
UE procedure for transmitting the PSCCH

For sidelink transmission mode 1and PSCCH period i, 

· The UE shall consider a PDCCH/EPCCH with DCI format 5 received in subframe n of PSSCH period i-1 as the reference DCI format 5 for PSCCH period i, where subframe n is the most recent subframe that is at least four subframes before the beginning of PSCCH period i in which a PDCCH/EPDCCH with DCI format 5 is received. 

· the UE shall determine the subframes and resource blocks for transmitting SCI format 0 as follows.

· SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in each of the two subframes, wherein the physical resource blocks belong to the resource block pool, where the subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in subclause 14.2.3)

· the two subframes and the resource blocks are determined using “Resource for PSCCH” field (
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) in the reference DCI format 5 (as described in subclause 14.2.1.1 )

· the UE shall set the contents of the SCI format 0 as follows:

· the UE shall set the Modulation and coding scheme field according to the Modulation and coding scheme indicated by the higher layer parameter mode1MCS  if the parameter is configured by higher layers.

· the UE shall set the Frequency hopping flag according to the “Frequency hopping flag” field in the reference DCI format 5

· the UE shall set the Resource block assignment and hopping resource allocation according to the “Resource block assignment and hopping resource allocation” field in the reference DCI format 5

· the UE shall set the Time resource pattern according to the “Time resource pattern” field in the reference DCI format 5

· the UE shall set the six-bit Timing advance indication to 
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 determined from table 14.2.1-1 to indicate sidelink reception timing adjustment value 
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 and using the NTA (defined in [3]) value for the UE in the subframe that is no earlier than subframe 
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described in subclause 14.2.1.1).

Table 14.2.1-1: Mapping of Sidelink reception timing adjustment indication
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	0
	≤ NTA ≤
	255
	0
	0

	256
	≤ NTA ≤
	767
	1
	512

	768
	≤ NTA ≤
	1279
	2
	1024

	1280
	≤ NTA ≤
	1791
	3
	1536

	1792
	≤ NTA ≤
	2303
	4
	2048

	2304
	≤ NTA ≤
	2815
	5
	2560

	2816
	≤ NTA ≤
	3327
	6
	3072

	3328
	≤ NTA ≤
	3839
	7
	3584

	3840
	≤ NTA ≤
	4351
	8
	4096

	4352
	≤ NTA ≤
	4863
	9
	4608

	4864
	≤ NTA ≤
	5375
	10
	5120

	5376
	≤ NTA ≤
	5887
	11
	5632

	5888
	≤ NTA ≤
	6399
	12
	6144

	6400
	≤ NTA ≤
	6911
	13
	6656

	6912
	≤ NTA ≤
	7423
	14
	7168

	7424
	≤ NTA ≤
	7935
	15
	7680

	7936
	≤ NTA ≤
	8447
	16
	8192

	8448
	≤ NTA ≤
	8959
	17
	8704

	8960
	≤ NTA ≤
	9471
	18
	9216

	9472
	≤ NTA ≤
	9983
	19
	9728

	9984
	≤ NTA ≤
	10495
	20
	10240

	10496
	≤ NTA ≤
	11007
	21
	10752

	11008
	≤ NTA ≤
	11519
	22
	11264

	11520
	≤ NTA ≤
	12031
	23
	11776

	12032
	≤ NTA ≤
	12543
	24
	12288

	12544
	≤ NTA ≤
	13055
	25
	12800

	13056
	≤ NTA ≤
	13567
	26
	13312

	13568
	≤ NTA ≤
	14079
	27
	13824

	14080
	≤ NTA ≤
	14591
	28
	14336

	14592
	≤ NTA ≤
	15103
	29
	14848

	15104
	≤ NTA ≤
	15615
	30
	15360

	15616
	≤ NTA ≤
	16127
	31
	15872

	16128
	≤ NTA ≤
	16639
	32
	16384

	16640
	≤ NTA ≤
	17151
	33
	16896

	17152
	≤ NTA ≤
	17663
	34
	17408

	17664
	≤ NTA ≤
	18175
	35
	17920

	18176
	≤ NTA ≤
	18687
	36
	18432

	18688
	≤ NTA ≤
	19199
	37
	18944

	19200
	≤ NTA ≤
	19711
	38
	19456

	19712
	≤ NTA ≤
	20223
	39
	19968

	20224
	≤ NTA ≤
	20495
	40
	20480

	20496
	≤ NTA ≤
	20512
	41
	20512

	
	reserved
	
	42-63
	reserved


 For sidelink transmission mode 2, 

· SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in each of the two subframes, wherein the physical resource blocks belongs to the resource block pool, where the subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in subclause 14.2.3)

· the two subframes and the resource blocks are determined using the procedure described in subclause 14.2.1.2
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