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1
Introduction
In this contribution we continue the discussion of link-level design for V2V PSCCH, PSSCH, and PSBCH. 
· In Section 2 we discuss link level design of PSSCH and PSCCH based on the agreements in RAN1#85. This includes the adaptation design for different speeds and synch sources.
· In Section 3 we discuss an issue with the size of PSBCH.
· In Section 4 we present our proposals on several other aspects.
· In Section 5 we conclude the contribution.
2
Link Level Design of PSSCH and PSCCH
2.1
Agreements in RAN1 #85
In RAN1 #85 [1], the following agreements were reached on PSCCH and PSSCH. 

Agreement:
· Confirm the working assumption that legacy PUSCH RS is used for PSCCH and PSSCH in the four RS symbols.
Agreement:
· Alt 1 + Adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)

· Options for details of PSCCH
· Working assumption which will be automatically confirmed if no problem is identified during this week
· DMRS within a TTI for a transmission by a UE are not identical 

· No blind detection of DMRS is introduced

· Details FFS

· Working assumption: 2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC. The exact size of SA is FFS including the CRC size and could be larger than 64 bits.
· Options for details of PSSCH
· Network configuration or preconfiguration can be used to associate the ranges of MCS, RB number for PSSCH, number of retransmission with the condition of the UE absolute speed. Different (pre)configuration and threshold is given for the different type (e.g., eNB, GNSS, UE) of the transmission synchronization reference.
· RAN1 will study the proper range of these parameters.
2.2
Channel estimation algorithms

Our channel estimation algorithm first estimates the frequency offset using a half-symbol based method. The method first adjusts Rx timing by hypothesis search (with a minimum step size of 0.1µs). Then it estimates the frequency offset by computing the phase changes between the first and second halves of the DMRS signals in the time domain. Details are in Appendix A.
After frequency offset is estimated, the channel estimation algorithm compensates for the frequency offset, and then performs linear interpolation and extrapolation of the channel estimation on the reference symbols, as detailed in Appendix B.
2.3
PSCCH

2.3.1 PSCCH Performance
Additional assumptions are as follows. The carrier frequency is 6 GHz. The frequency offsets of both Tx and Rx UEs are uniformly random in [-600, 600] Hz (i.e., Case 2 + Case A agreed to in RAN1#83). The Tx and Rx UEs move with a certain speed v towards each other. The receiver has two receiving antennas. For small scale fading the UMi NLOS channel model [2] was used. PSCCH transmission uses 1 TTI and 2 PRB pairs, and there are 48 information bits and 16 CRC bits in PSCCH. The 4 DMRS symbols of PSCCH use the same DMRS sequence with index u = 0. Fig. 1 shows the PSCCH performance with different values of speed.
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Figure 1: PSCCH performance
Observation 1: The performance PSCCH with 64 bits is reasonable at various speeds with typical frequency offset if 2 PRB pairs are used. 
Note that in the above simulation the all 4 DMRS symbols use the same DMRS sequence with u = 0. In RAN1#85 we suggested different DMRS sequences for different DMRS symbols as our simulation at that time showed a performance gain. Unfortunately a bug was found in our simulator. And with the bug fixed, the performance gain of different DMRS sequences does not exist. Therefore, the same DMRS sequence can be used.

Next we consider the case with more extreme frequency offset. For example, if both the Tx and Rx UEs are synched to eNB and if they move with high speed (250km/h), their frequency difference can be as high as 4.6 kHz. This is higher than the typical case when they are synched to GNSS. Figure 2(b) shows that with 5 kHz frequency offset and u = 0, there is a performance degradation. To improve the performance, we experimented with different values of u, and found that u has an impact under such high frequency offset. The value u = 11 performs much better than u = 0. Figure 2(a) shows that under typical frequency offset (i.e., Case 2 + Case A), the choice of u has minimal effect.
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(a) 250km/h+250km/h, Case 2+Case A freq. offset                         (b) 250km/h+250km/h, 5 kHz freq. offset

Figure 2: PSCCH performance with different u’s
Based on these results, we can confirm that 2 PRB pairs for PSCCH is sufficient if the SA bits is less than 64 including CRC. Also, u = 11 can be chosen to provide robust performance under different frequency offsets.
Proposal 1: Confirm the working assumption that 2 PRB pairs are used for PSCCH if the number of SA bits is less than 64 including CRC.

Proposal 2: A UE uses identical PSCCH DMRS sequences within a TTI. 

Proposal 3: PSCCH uses the DMRS sequence with u = 11. 

2.3.2 SA-SA interference
In Rel-12/13 D2D, all SAs use identical DMRS sequences. When SAs from different UEs collide at the same time and frequency resource, the channel estimation of both SAs are inaccurate which degrades the decoding performance. We simulate SA-SA collision for V2V. In the case of interference, two transmitter UEs are simulated. The second UE is treated as interferer, which has an INR (interference-to-noise ratio) of 6dB such that the interference dominates noise. Figure 2 shows the BLER of the receiving the first UE as a function of SINR. Here u = 0 is used. When the same DMRS sequences are used by both transmitters, there is a significant performance loss (for example, 5dB in Figure 2(a)) compared to the case with noise only. 
To solve the performance problem, we propose the use of cyclic shifts of the DMRS sequence. In our design there is one base DMRS sequence with index u=0, and 4 equally-spaced cyclic shifts are defined. Each UE chooses one of the cyclic shifts for its SA (in all four DMRS symbols). To avoid the need of blind decoding, the receiver performs a blind detection of the strongest cyclic shift received and then try to decode the SA with the strongest cyclic shift. Of course, there is still possibility that two UEs choose the same cyclic shift and the same resource to transmit. But the probability is reduced by a factor of 4. In the blind detection, the receiver first obtains the time-domain channel responses after correlating with the base DMRS sequence. The channels of UEs with different cyclic shifts will appear as peaks at different locations. The highest peak corresponds to the strongest cyclic shift. Details of blind detection of DMRS sequence is given in Appendix C. 
We then simulated the case when the two transmitters use different cyclic shifts. Figure 3 shows clear performance gain compared to the case with the same DMRS sequence. Note that Figure 3 only shows the decoding performance of the first UE, and the decoding of the first UE is not attempted if its cyclic shift is weaker than the interferer, in which case the interferer could be received. Therefore, the probability of successful decoding of either one of the UEs would be even higher.
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(a) 140+140km/h, case 2+A freq. offset                              (b) 140+140km/h, 5 kHz freq. offset
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(c) 250+250km/h, case 2+A freq. offset                              (d) 250+250km/h, 5 kHz freq. offset

Figure 3: SA-SA interference
In view of the performance benefit and low complexity, we propose that different cyclic shifts of DMRS sequences for PSCCH are used. When transmitting PSCCH the transmissions UE can choose a DMRS cyclic shift. The shift can be a function of UE identity such as S-TMSI.
Proposal 4: To reduce the impact of SA to SA collision allow UEs to select different cyclic shift for PSCCH DMRS. The shift can be a function of UE identity. 
2.4
PSSCH adaptation

We first consider the impact of synch sources. If both the Tx and Rx UEs are synched to eNB, their frequency difference can be as high as 4.6 kHz, which is higher than the case when they are synched to GNSS. In Fig. 4, we evaluated the performance of PSSCH under 5kHz frequency offset between Tx and Rx UEs, as compared to Case 2+A. 
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Figure 4: Effect of high frequency offset on PSSCH

Observation 2: Using the half-symbol-based frequency offset estimation algorithm, the impact of high frequency offset (5 kHz) is small. 
Therefore to simplify the design, there is no need for separate configuration of PSSCH as a function of synchronization source.

Proposal 5: Do not define configuration of PSSCH for different synchronization sources.

Another question is whether to support higher modulation than QPSK such as 16QAM. In Figure 5, it is shown that 16QAM leads to worse performance (and lower link budget) when the same 18 PRB pairs are used. This holds for both high speed and low speed. Also, note that with 300-Byte data and 18 PRB pairs, the coding rate with QPSK is quite high. If we do not count the first and last symbols which are punctured, the coding rate with QPSK is (300*8) / (8 * 18 * 12 * 2) = 0.694. Even with such a high coding rate, QPSK still outperforms 16QAM. 
Observation 3: QPSK outperforms 16QAM under low speed and high speed, and even if the coding rate with QPSK is quite high.
Therefore we propose that 16QAM is not supported.

[image: image9.emf]SNR (dB)

0 2 4 6 8 10 12 14

B

L

E

R

10

-3

10

-2

10

-1

10

0

15km/h+15km/h, QPSK

15km/h+15km/h, 16QAM

140km/h+140km/h, QPSK

140km/h+140km/h, 16QAM

 [image: image10.emf]SNR (dB)

0 2 4 6 8 10 12 14 16 18

B

L

E

R

10

-3

10

-2

10

-1

10

0

15km/h+15km/h, QPSK

15km/h+15km/h, 16QAM

140km/h+140km/h, QPSK

140km/h+140km/h, 16QAM


(a) 190 Bytes, 18 PRB pairs                                                     (b) 300 Bytes, 18 PRB pairs

Figure 5: QPSK vs 16QAM for PSSCH
Proposal 6: Only QPSK is used for PSSCH. 
Next, we discuss the adaptation of MCS as a function of a UE’s absolute speed. Since a UE needs to communicate with other UEs with various speeds, the worst case is assumed in which the other UE moves with 250km/h in the opposite direction. We vary the MCS among all MCSs with QPSK modulation in Table 7.1.7.1-1 in [3] (i.e., I_MCS = 0,1,…,9) and vary the number of PRB pairs in {10, 20, 30, 40 50}. The corresponding TBS size is then obtained from Table 7.1.7.2.1-1 of [3]. In order to see whether a MCS achieves acceptable performance at a certain speed, we only simulate a fairly high SNR = 10dB. Figure 6(a), 6(b), and 6(c) show the BLER when the UE absolute speed is 60, 140, and 250km/h respectively. We see that for each absolute speed, there is an upper limit of MCS in order to achieve reasonable performance. For example, MCS 5, 4, 2 can be the upper limit for absolute UE speed 60, 140, and 250km/h. Our results also show that when BLER is low then the performance is roughly independent of the number of RBs.

Observation 4: For low BLER the performance is roughly independent of number of RBs.
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(a) UE absolute speed = 60km/h                                 (b) UE absolute speed = 140km/h
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(c) UE absolute speed = 250km/h
Figure 6: Performance of different MCSs
Based on this and the fact that packet size and MCS can exactly specify the number of RBs needed we propose that the PSSCH configuration should be in terms of MCS only. For a range of speed both a lower and higher limit should be specified. The lower limit is to make sure that system level performance is optimized. If the MCS is low then the transmission uses a large number RBs which cause too much interference among UEs. 
Proposal 7: Define configuration of PSSCH only in terms of MCS range and number of transmissions allowed for different range of vehicle speeds.

3
PSBCH Size

In RAN1 #85 [1], the following agreements were reached on PSBCH. 
Agreements:
· For PSBCH DM RS symbol location, Option 3 (i.e., symbol #4, #6, #9 for normal CP) is supported.
· Working assumption: PSBCH content size is the same as Rel-12.
· Working assumption: V2V SLSS/PSBCH periodicity is 200 ms.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.

· Rel-13 D2D synchronization resource configuration principle is reused.
A working assumption here is that PSBCH content size is the same as Rel-12, i.e., 40 information bits plus 16 CRC bits (56 bits in total). However, there is a performance problem.
In our simulation, Option 3 DMRS location (symbol #4, #6, #9 for normal CP) is used. The locations of PSSS and SSSS are the same as Rel-12. The first symbol is punctured due to AGC and the last symbol is punctured for Tx-Rx turnaround time. Tx and Rx UEs move towards each other with 140km/h each. We found that the PSBCH success probability is 0 at SNR = 2dB. Due to puncturing 8 consecutive bits are lost and the decoder cannot recover. For example, Figure 7(a) shows one of the three streams of LLR. Note the eight consecutive 0’s. A similar problem was identified earlier in the Rel-12 D2D study [4]. 
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(a) 40 info bits and 16 CRC bits                                          (b) 48 info bits and 16 CRC bits

Figure 7: PSBCH LLR
One easy fix to the problem is changing PSBCH size to 48 information bits and 16 CRC bits. With this change, PSBCH success probability is 1 at SNR = 2dB. Figure 5(b) shows an example input LLR in this case.
Proposal 8: Change the working assumption on PSBCH content size to be 48 information bits and 16 CRC bits in PSBCH.
4
Other Aspects

In this section we discuss several other aspects of link-level design. Firstly, a UE may transmit in a subframe and receive in the next, or receive in a subframe and transmit in the next. Therefore a Tx-Rx turnaround time is needed. As in Rel-12/13 D2D, we propose that the whole of last symbol of PSCCH, PSSCH, and V2V synch signal is used as a gap.

Proposal 9: For PSCCH, PSSCH, and V2V synchronization signal, the whole of last symbol is used as a gap and is not used for transmission. This gap is created using puncturing.
For the reliability of synchronization signals, similar to Rel-12/13 D2D, no other transmission (PSCCH or PSSCH) should occur on subframes with synchronization signals (containing PSBCH).
Proposal 10: No other V2V transmission (PSCCH or PSSCH) should occur on subframes with synchronization signals (containing PSBCH).
In terms of overall prioritization we propose the following prioritization between V2V PC5 channels.

Proposal 11a: When a time domain conflict occurs in transmissions a UE should use the following prioritization order: PSBCH/PSSS/SSSS > PSCCH > (not associated with PSCCH) PSSCH.

Proposal 11b: When a time and frequency domain conflict occurs in reception a UE should use the following prioritization order: PSBCH/PSSS/SSSS > PSCCH > PSSCH.
We next consider the case for extended CP. In most cases the PC5 V2V communication range is below 600m, so the propagation delay is below 2µs. This is well within the normal CP length even when taking into account the timing error and filter lengths. Also, introducing extended CP leads to extra specification effort and may lead to delay in completion of the WID. Therefore we propose that only normal CP is used for PC5 based V2V.
Proposal 12: Only normal CP is used for PC5 based V2V.

When a UE transmits PSCCH and PSSCH in the same subframe, there is a question about how transmission power is distributed between PSCCH and PSSCH. A simple approach is to use the same PSD for PSCCH and PSSCH. This requires minimum effort in specification and provides sufficient performance.
Proposal 13: PSCCH and PSSCH have the same power spectrum density when transmitted on the same subframe. Here the PSSCH open loop power control will be used to decide the total transmit power.
5
Conclusion

In this contribution we made the following observations and proposals.
Observation 1: The performance PSCCH with 64 bits is reasonable at various speeds with typical frequency offset if 2 PRB pairs are used. 

Proposal 1: Confirm the working assumption that 2 PRB pairs are used for PSCCH if the number of SA bits is less than 64 including CRC.

Proposal 2: A UE uses identical PSCCH DMRS sequences within a TTI. 

Proposal 3: PSCCH uses the DMRS sequence with u = 11. 

Proposal 4: To reduce the impact of SA to SA collision allow UEs to select different cyclic shift for PSCCH DMRS. The shift can be a function of UE identity. 

Observation 2: Using the half-symbol-based frequency offset estimation algorithm, the impact of high frequency offset (5 kHz) is small. 
Proposal 5: Do not define configuration of PSSCH for different synchronization sources.

Observation 3: QPSK outperforms 16QAM under low speed and high speed, and even if the coding rate with QPSK is quite high.
Proposal 6: Only QPSK is used for PSSCH. 
Observation 4: For low BLER the performance is roughly independent of number of RBs.
 Proposal 7: Define configuration of PSSCH only in terms of MCS range and number of transmissions allowed for different range of vehicle speeds.

Proposal 8: Change the working assumption on PSBCH content size to be 48 information bits and 16 CRC bits in PSBCH.

Proposal 9: For PSCCH, PSSCH, and V2V synchronization signal, the whole of last symbol is used as a gap and is not used for transmission. This gap is created using puncturing.

Proposal 10: No other V2V transmission (PSCCH or PSSCH) should occur on subframes with synchronization signals (containing PSBCH).
Proposal 11a: When a time domain conflict occurs in transmissions a UE should use the following prioritization order: PSBCH/PSSS/SSSS > PSCCH > (not associated with PSCCH) PSSCH.

Proposal 11b: When a time and frequency domain conflict occurs in reception a UE should use the following prioritization order: PSBCH/PSSS/SSSS > PSCCH > PSSCH.
Proposal 12: Only normal CP is used for PC5 based V2V.

Proposal 13: PSCCH and PSSCH have the same power spectrum density when transmitted on the same subframe. Here the PSSCH open loop power control will be used to decide the total transmit power.
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Appendix A
Frequency offset estimation using half-symbol based algorithm on DMRS
1. For each received reference symbol, convert the interested RBs (on which DMRS is used) into time-domain signal [image: image17.png]1, (n)



 where k = 0,1,2,3 (for 4 Comb-DMRS symbols) and n=0,1,…N-1, where N is equal to 12*number of RBs.
2. Similarly, convert local DMRS into time domain signals [image: image19.png]P, (n)



.

3. Estimate the timing offset by hypothesis search, which can be done in a hierarchical way to get high accuracy (e.g., 0.1µs step size) with low complexity. Let the estimated delay be d. 
4. Perform a time shift to [image: image21.png]1, (n)



, which gives [image: image23.png]7 (n) = 1 (mod(n+d,N)).



 
5. Estimate frequency offset by computing the phase changes between the first halves and second halves of [image: image25.png]7, (n)



. Specifically, 
[image: image26.png]



Appendix B

Linear interpolation based channel estimation. 

1. Obtain channel estimates on all pilot tones. 
2. For each symbol with pilot tones, perform window-based smoothing over all tones in the symbol. 
3. Perform linear interpolation and extrapolation over symbols to obtain channel estimates of all symbols.
Appendix C

Blind detection of PSCCH DMRS sequence
Let the base DMRS sequence for SA be [image: image28.png]


 in the frequency domain (i.e., 2 PRB pairs). A UE can pick one of 4 equally-spaced cyclic-shifted versions of the base DMRS sequence. In the frequency domain, each cyclic shift (CS) corresponds to a phase ramp applied to x.

Let [image: image30.png]


 be the received signal in frequency domain in the i’th DMRS symbol.

Multiply in the frequency domain to get the (rough) channel:

[image: image31.png]yi(k) = 7 (k) = conj(x(k)),i = 1,2,3,4,





Perform IFFT to get (rough) time-domain channel response:

[image: image32.png][FFT (y;),i = 1,2,3,4.




Combining the energy in 4 DMRS:

[image: image33.png]il
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where ‘.*’ is element-wise multiplication.

Since we have 4 possible cyclic shifts, if there is no timing error then possible peaks should appear at the beginning, ¼ length, ½ length, and ¾ length of w. However due to timing error there may be some deviation. To deal with the problem we take a small window around these possible positions as follows.

Let the m’th peak value be (m = 1,2,3,4)

[image: image35.png]D, = max{w(j),mod((m—1)+*6—1,24) +1

<mod((m—1)=6+ 1,24) + 1}



.

The index of the maximum peak corresponds to the strongest CS. Then the DMRS sequence with this CS is assumed in subsequent freq/timing offset estimation, channel estimation and decoding.
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