[bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 #97			R1-1906558
Reno, USA, 13th – 17th May, 2019
Agenda Item: 7.2.4.5
Source: MediaTek Inc.
Title: Discussion on V2X Physical layer procedure
Document for: Discussion
Introduction
The Rel-16 NR V2X WI was approved in RAN#83. The objective of the WI [1] relevant to the SL physical layer procedure is shown below.  
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]


In this contribution, we provide our views on SL physical layer procedure with emphasis on the support of groupcast V2X communication. Power control in groupcast is discussed in Section 2, and HARQ feedback and SL-RSRP report in groupcast is discused in Section 3. 
Power control in groupcast
Open-loop power control in groupcast
In RAN1 AH1901 and RAN1#96, the following agreements were made about the power control of V2X.
	Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open-loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 



[bookmark: _GoBack]Figure 1. PRR in the highway scenario with different transmit power levels
According to the agreements, the open-loop power control based on the pathloss between TX UE and RX UE(s) for groupcast communication is FFS. In our view, open-loop power control based on the pathloss should be supported for groupcast. Without this mechanism, the groupcast TX UE can simply perform transmission using the maximum transmit power. In this case, power usage is inefficient, and too much interference is introduced to the sidelink. For platooning where group of UEs are in proximity, the required transmit power level to maintain the communication is generally much lower than the maximum transmit power. Figure 1 shows the average PRR in the highway scenario with different transmit power levels. The simulation assumptions are summarized below. 
· 20 MHz bandwidth
· 15 kHz SCS
· Highway scenario
· Vehicle dropping option A
· Periodic traffic model 2 (1200 bytes, 800 bytes)
· Groupcast
· Single transmission of each TB
· MMSE receiver
It is observed, to maintain a groupcast up to 60 meters, the average PRR is almost identical for transmit power levels of 0, 7, 14, and 23 dBm.  
Proposal #1: For groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
As agreed in RAN1#96, for unicast, the open-loop power control (called Method 1) is the TX UE transmits the pilot signal, and the RX UE reports the SL-RSRP to the TX UE. Based on the reported SL-RSRP from the RX UE, the TX UE can derive the pathloss estimate. 
Another method (called Method 2) used by eMBB uplink power control (but not used for SL unicast) is the RX UE transmits the pilot signal and also indicates the pilot signal transmit power, and the TX UE derives the pathloss estimate according to the measured pilot signal received power.
For V2X, the advantage of Method 1 comes from the fact that the V2X communication is peer-to-peer and many UEs keep moving. The transmit power of data packets as well as the pilot signal may be adjusted frequently. It is not efficient (as Method 2) to have the RX UE provide the signalling for the transmit power of the pilot signal.  Therefore, the mechanism of open-loop power control in unicast can be reused for groupcast. 
Since the TX UE may adjust the transmit power of the pilot signal, it is not appropriate for the RX UE to perform Layer-3 filtering on the RSRP measurement results. Therefore, the RX UE reports Layer-1 RSRP measurement, and the Layer-3 filtering of SL RSRP is performed by the TX UE. 
Proposal #2: For open-loop power control in groupcast based on the pathloss between TX UE and RX UE, the TX UE transmits the pilot signal, and the RX UE reports the Layer-1 SL-RSRP to the TX UE. The Layer-3 filtering on SL RSRP is performed by the TX UE.
For open-loop power control in unicast, it was agreed to revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation before SL-RSRP is available for a RX UE. Our view is, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available. Otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. This rule is applicable to unicast as well as groupcast. 
Proposal #3: For open-loop power control in unicast and groupcast, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available; otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. 
Connection establishment of groupcast
RAN2 has agreed that there is no 1-to-many connection establishment for groupcast, so in that sense groupcast could always be connection-less. But it is still open that the 1-to-1 connection procedures could be used for pairs of UEs within the group, e.g., each RX UE could have a connection to the TX UE. 
For groupcast, the design of reporting/feedback depends on the connection management of groupcast, i.e., whether groupcast is connection-less or connection based. The reporting mechanism of groupcast SL-RSRP by RX UE is to be discussed along with groupcast HARQ feedback in Section 3. 
Observation #1: The design of reporting/feedback of groupcast depends on the connection management of groupcast is connection-less or connection based.
HARQ feedback and SL-RSRP report in groupcast
The discussion in this section is separated into two parts according to the connection establishment of groupcast, i.e., connection-less groupcast and connection based groupcast.
Groupcast is connection-less
The implication of connection-less groupcast is no UE specific configuration is possible for RX UEs. Thus, for HARQ feedback, RX UEs should share a common resource.
Bit width of HARQ feedback for connection-less groupcast
In the design of groupcast HARQ feedback channel, it is needed to know the bit width of the HARQ feedback. The bit width is dependent on issues such as whether CBG is supported, the number of HARQ acknowledgements in a HARQ feedback, and so on. 
CBG in groupcast 
In groupcast, retransmission of a CBG can be waived only when all RX UEs successfully receive the CBG. Thus, the gain of CBG in groupcast is expected to be smaller than in unicast. In our view, CBG in groupcast is not supported due to the limited gain. 
Number of HARQ acknowledgements per HARQ feedback
Multiple HARQ acknowledgements per HARQ feedback may happen in CA. In CA, each UE has its own CA configuration, such as the number of CCs and which CC is configured as the PCC. If groupcast is connection-less, having HARQ acknowledgements of all CCs provided on the PCC leads to UE specific HARQ feedback, which does not make sense for connection-less groupcast. 
Asynchronous HARQ may also result in multiple HARQ acknowledgements per HARQ feedback. For UEs belonging to a groupcast, the ongoing unicast and groupcast communications may not be the same. Therefore, if groupcast is connection-less, the number of PSCCHs to be ACKed/NACKed per HARQ feedback should be 1 to avoid UE specific HARQ feedback. 
Proposal #4: CBG is not supported for groupcast sidelink.
Proposal #5: When the connection establishment of groupcast is connection-less, 
· Cross-carrier HARQ feedback in CA is not supported for groupcast;
· A groupcast HARQ feedback provides acknowledgement of only 1 groupcast PSSCH.

SL RSRP report for connection-less groupcast

Figure 2. UE grouping in groupcast based on SL RSRP
	RSRP range 1
	RSRP < -120 dBm

	RSRP range 2
	-120 dBm ≤ RSRP < -110 dBm

	RSRP range 3
	-110 dBm ≤ RSRP < -100 dBm

	RSRP range 4
	-100 dBm ≤ RSRP < -90 dBm

	…
	…


Table 1. An example of mapping between RSRP range and measured RSRP values
As discussed in Section 2.1, SL RSRP report from RX UEs is needed for the support of open-loop power control. For the SL RSRP report in groupcast, a kind of grouping based on SL RSRP as shown in Figure 2 can be used. In the figure, each RX UE measures the pilot signal transmitted from the TX UE. The RX UEs also receive the configuration of RSRP ranges from the network or TX UE as shown in Table 1. Based on the measured RSRP value, a UE is aware of the subgroup it belongs to. The outermost UE does not need to provide RSRP report due to the large TX-RX geographical distance. For UEs belonging to the same subgroup, they share a common resource for SL RSRP feedback. This UE grouping and sharing of resource for SL RSRP feedback is needed for connection-less groupcast. 
Based on the feedback, the TX UE is aware of the RSRP distribution of RX UEs, from which the transmit power level can be adjusted. Without such RSRP information, open-loop power control cannot be used, and the TX UE will generally transmit with the maximum power to ensure the coverage. In this case, the power usage is not efficient, and interference level in the V2X channel is unnecessarily high.
Proposal #6: For SL RSRP report of RX UEs in connection-less groupcast, RX UEs are grouped based on the ranges of SL RSRP. RX UEs belonging to the same subgroup may share a resource for SL RSRP feedback.
Joint feedback of HARQ and SL RSRP for connection-less groupcast
In this section, we discuss the joint feedback of HARQ and SL RSRP in groupcast, where the purpose of the SL RSRP feedback is used for open-loop power control.
In RAN1#96bis, the following agreements about groupcast HARQ feedback were made.
	Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.


In the following, we discuss joint feedback of HARQ and SL RSRP for two options separately.
Option 1: Receiver UE transmits only HARQ NACK
In this option, according to RAN1 agreements, it is supported all the RX UEs share a PSFCH. There is an FFS about the support for a subset of the RX UEs share a PSFCH. 

Figure 3. Joint feedback of HARQ and SL RSRP for Option 1
For the case of all RX UEs share a PSFCH for HARQ feedback, the SL RSRP report can be delivered by PSFCH(s) other than the PSHCH for HARQ feedback. Assume the sequence based channel structure is used for PSFCH. In Figure 3(a), an example is illustrated where a sequence is used for NACK feedback, and another 3 sequences are used for SL RSRP reports of different subgroups associated with RSRP ranges. In the figure, the PSFCH for NACK and the PSFCH for RSRP report occupy the same time-frequency resource. It is also possible that the PSFCH for NACK and the PSFCH for RSRP report use different time-frequency resources.
For the case that a subset of the RX UEs share a PSFCH for HARQ feedback, Figure 3(b) gives an example that RX UEs who are with the same RSRP range share a PSFCH for NACK feedback.    

Figure 4. Joint feedback of HARQ and SL RSRP for Option 2
Option 2: Receiver UE transmits HARQ ACK/NACK
In this option, according to RAN1 agreements, there is an FFS issue about whether to support the configuration of all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission. In our view, this configuration should be supported to enable the joint feedback of HARQ and SL RSRP. Figure 4 gives an example that RX UEs who are within the same RSRP range share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #7: In Option 2, the configuration of all or a subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission is supported. 
Proposal #8: In Option 2, RX UEs belonging to the same subgroup of RSRP ranges share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #9: Joint feedback of {HARQ, SL RSRP for open-loop power control} is supported for connection-less groupcast.
Joint feedback of HARQ and TX-RX distance
In Section 3.1.3, joint feedback for HARQ and SL RSRP is discussed. The design can be reused for joint feedback of HARQ and TX-RX distance if the knowledge of TX-RX distance is considered needed at the TX UE. In this case, the term RSRP in Figures 3 and 4 is replaced with the term of TX-RX distance.
Proposal #10: Joint feedback of {HARQ, TX-RX distance} is supported for connection-less groupcast if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Destructive channel sum effect
In the SI phase, it was raised the destructive channel sum effect may degrade the performance of PSFCH when multiple RX UEs share a PSFCH. This issue is relevant to the validity of proposals in Sections 3.1.3 and 3.1.4, where a PSFCH is shared by multiple RX UEs. To check whether the destructive channel sum effect exists, link level simulations are executed, and the simulation results are demonstrated in the following. The simulation assumptions are summarized below.
· The configuration of joint feedback of HARQ and SL RSRP in Figure 4 is used for the simulations. 
· The physical channel structure of PUCCH format 0 with 2 OFDM symbols is adopted for the PSFCH. 
· The fading channel in the simulations is TDL-A channel model with 10 ns RMS delay spread. This channel model is relatively flat in the frequency domain compared with other channel models; the destructive channel sum effect is expected to be the most obvious if the effect really exists.  
· The target of the simulations is to detect the cyclic shift sequence corresponding to ‘RSRP range 1’ in Figure 4.
When the sequence corresponding to ‘RSRP range 1’ is absent
The signals corresponding to ‘RSRP range 2’ and ‘RSRP range 3’ are always present. The number of RX UEs transmitting ‘RSRP range 2’ (and ‘RSRP range 3’) is indicated in the legend of curves in Figures 5 and 6. In the detector design, the probability Prob(DTX→’RSRP range 1’ is present) is set around 10-3 for ‘ACK+RSRP resource’ and 10-2 for ‘NACK+RSRP resource’. 
When the sequence corresponding to ‘RSRP range 1’ is present
The signals corresponding to ‘RSRP range 2’ and ‘RSRP range 3’ are always present. The number of RX UEs transmitting ‘RSRP range 1’ (and ‘RSRP range 2’, ‘RSRP range 3’) is indicated in the legend of curves. 
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Figure 5. Error probability vs. SNR for different number of RX UEs on each PSFCH when the configuration of ‘ACK+RSRP resource’ in Figure 4 is used 

Figure 6. Error probability vs. SNR for different number of RX UEs on each PSFCH when the configuration of ‘NACK+RSRP resource’ in Figure 4 is used 
In Figures 5 and 6, the error probability vs. SNR is shown for the detection of the sequence associated with ‘RSRP range 1’ in the resources of ‘ACK+RSRP resource’ and ‘NACK+RSRP resource’, respectively. From the simulation results, a 10log(m) dB gain in SNR can be observed for ‘m RX UEs (m=2, 3, 4) per PSFCH’ compared with ‘1 RX UE per PSFCH’. Therefore, the destructive channel sum effect is not present in the simulation results. On the contrary, when multiple RX UEs transmit a PSFCH simultaneously, a power gain linearly proportional to the number of UEs can be earned. This observation is consistent with the intuition that fading channels of different UEs are independent, and the probability of phase difference of two channels to be roughly equal to 180 degree is quite low. Hence, it is no need to consider the destructive channel sum effect owing to transmission of a same sequence from multiple UEs.
Observation #2: The destructive channel sum effect is not observed from the simulation results.
Groupcast is connection based
When the connection establishment of groupcast is connection based, i.e. multiple 1-to-1 connection, the HARQ feedback for groupcast can be considered equivalent to multiple unicast HARQ feedback. In this case, special handling of HARQ feedback for groupcast is not needed; the HARQ feedback mechanism of unicast communication is used for each 1-to-1 connection. 
Proposal #11: When the connection establishment of groupcast is connection based, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast. 
Conclusion
In this contribution, we discussed power control and HARQ procedures for SL groupcast communication in V2X. 
For power control, it was proposed that open-loop power control based on the TX-RX pathloss is supported in groupcast V2X communication to reduce the interference level in the channel. 
For HARQ feedback and SL RSRP report, the discussion was separated into cases that groupcast is connection-less and connection based. For the former, joint feedback for HARQ and SL RSRP/TX-RX distance was proposed. For the latter, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast.
The following proposals and observations were made in the paper.
Observation #1: The design of reporting/feedback of groupcast depends on the connection management of groupcast is connection-less or connection based.
Observation #2: The destructive channel sum effect is not observed from the simulation results.
Proposal #1: For groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
Proposal #2: For open-loop power control in groupcast based on the pathloss between TX UE and RX UE, the TX UE transmits the pilot signal, and the RX UE reports the Layer-1 SL-RSRP to the TX UE. The Layer-3 filtering on SL RSRP is performed by the TX UE.
Proposal #3: For open-loop power control in unicast and groupcast, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available; otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. 
Proposal #4: CBG is not supported for groupcast sidelink.
Proposal #5: When the connection establishment of groupcast is connection-less, 
· Cross-carrier HARQ feedback in CA is not supported for groupcast;
· A groupcast HARQ feedback provides acknowledgement of only 1 groupcast PSSCH.
Proposal #6: For SL RSRP report of RX UEs in connection-less groupcast, RX UEs are grouped based on the ranges of SL RSRP. RX UEs belonging to the same subgroup may share a resource for SL RSRP feedback.
Proposal #7: In Option 2, the configuration of all or a subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission is supported. 
Proposal #8: In Option 2, RX UEs belonging to the same subgroup of RSRP ranges share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #9: Joint feedback of {HARQ, SL RSRP for open-loop power control} is supported for connection-less groupcast.
Proposal #10: Joint feedback of {HARQ, TX-RX distance} is supported for connection-less groupcast if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Proposal #11: When the connection establishment of groupcast is connection based, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast.
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