Page 1
3GPP TSG RAN WG1 Meeting #94bis	R1-1810453
Chengdu, China, 8th – 12th October 2018
[bookmark: Source]Agenda item:	7.2.4.1.2
Source: 	MediaTek Inc.
Title: 	Physical layer structure for NR sidelink
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref477948028]Introduction
In the RAN1 #94 meeting, the following agreements were made for physical layer structure of NR sidelink [1]: 
Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
· CP length
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· Channel coding
· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.
· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.
· Modulation
· RE mapping and rate-matching
· Scrambling
Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.
Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference
Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.

In this contribution, we provide our views on 1) numerology and frame structure; 2) multiplexing of PSCCH and PSSCH; 3) carrier of feedback information; and 4) design of PSCCH and SCI.
Numerology and Frame Structure
Following the principle of maximally reusing the existing NR design, the following discussion is based on NR numerology summarized in Table 1. Besides, we follow the NR design that a slot with normal cyclic prefix (CP) consists 14 symbols and a slot with extended CP consists of 12 symbols.
	Subcarrier spacing (kHz)
	15
	30
	60
	120

	OFDM symbol length (μs)
	66.67
	33.33
	16.67
	8.33

	Normal CP length (μs)
	4.69
	2.34
	1.17
	0.59

	OFDM symbol including NCP (μs)
	71.35
	35.68
	17.84
	8.92

	Extended CP length (μs)
	16.67
	8.33
	4.17
	2.08

	OFDM symbol including ECP (μs)
	83.33
	41.67
	20.83
	10.42


Table 1. NR numerologies. (Extended CP is only supported for SCS 60 kHz.)
Due to the fact that timing advance is not feasible for broadcast and groupcast traffic, CP in sidelink not only needs to combat multipath delay but also propagation delay. Considering a communication range of 500m, the propagation delay is 1.67μs, which cannot be accommodated within a normal CP assuming SCS 60kHz or 120kHz.  Thus, in order to support SCS 60kHz or 120kHz in NR sidelink, either the operating communication range should be restricted or extended CP has to be used.
Observation 1: In order to support SCS 60kHz or 120kHz in NR sidelink, either the operating communication range should be restricted or extended CP has to be used.
In LTE V2X, the last symbol in a sidelink subframe serves as guard period and is intended for TX/RX switching. In FR1, it was agreed that the TX/RX switching time is up to 13 μs. Thus, reserving the whole symbol as guard period seems unnecessary for SCS 15kHz and 30kHz. On the other hand, in LTE V2X the first symbol in a sidelink subframe is used for AGC settling. For FR1, it was agreed that the AGC settling time is up to 15 μs. We see that for SCS 15kHz and 30kHz, one symbol duration is sufficient to accommodate both TX/RX switching and AGC settling. Either the first symbol or the last symbol in a slot can be considered. However, since AGC settling requires that TX transmits certain signal, the first symbol in a slot is preferable considering the integrity of a slot. 
For FR2, it was agreed that the TX/RX switching time and the AGC settling time are up to 7 μs and 10 μs, respectively. Following similar arguments as for FR1, we have the following proposal:
Proposal 1: For SCS 15kHz and 30kHz in FR1, the first symbol in a slot is used for TX/RX switching and AGC settling. For SCS 60kHz in FR2, the first symbol in a slot is used for TX/RX switching and AGC settling.
For convenience of discussion, the first symbol in a TTI is referred to as “special symbol”. Note that the duration of a special symbol can be different from the other symbols in a slot. The special symbol consists of two parts: Guard period for TX/RX switching and AGC training signal. AGC training signal can be a preamble known by all UEs which facilitates channel estimation. 
Finally, we note that for SCS 60kHz in FR1 and for SCS 120kHz in FR2, two symbols are still required for TX/RX switching and AGC settling. Since the slot duration with SCS 60kHz or 120kHz is relatively small, we can aggregate two slots as a “super slot” to avoid frequent TX/RX switching. Note that the starting positions of super slots should be aligned.
Proposal 2: For SCS 60kHz in FR1 and SCS 120kHz in FR2, aggregation of two or more slots to form a super slot should be adopted.
Figure 1 summarizes the proposed frame structure assuming normal CP, which can be straightforwardly adapted for extended CP. Table 2 summarizes the duration of special symbol for different numerologies in terms of number of (normal) symbols.


Figure 1. Illustration of the proposed frame structure.
	
	FR1
	FR2

	Subcarrier spacing
	15kHz
	30kHz
	60kHz
	60kHz
	120kHz

	Number of (normal) symbol
	1
	1
	2
	1
	2


Table 2. Duration of special symbol in terms of number of (normal) symbol.

Multiplexing of PSCCH and PSSCH
Figure 2, extracted from [1], illustrates four options for multiplexing PSCCH with the associated PSSCH.
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Figure 2. Multiplexing of PSCCH and the associated PSSCH.
Options 1A, 1B, and 3 are TDM-like designs, while Option 2 is an FDM-like design. A TDM-like design is beneficial in terms of latency and power consumption. For an FDM-like design like Option 2, the receiving UE cannot start to decode PSSCH until the end of slot. Since some use cases in NR V2X has a latency requirement as low as 3ms [2], Option 2 is undesirable from a latency perspective. Furthermore, it is desirable that UEs can power down for the rest of a TTI if they learn from decoding PSCCHs that they are not scheduled for that TTI. Early termination has the advantage of energy saving, but it is infeasible for an FDM-like design. 
To have a moderate blind decoding complexity, the frequency resource of control channel are restricted to a fixed set of values, e.g., aggregation level in NR downlink. On the other hand, the selection of frequency resources for data channel should be sufficiently flexible. In Option 1A, the frequency resources used by PSCCH and PSSCH are the same, which poses an unnecessary constraint on resource allocation, either blind decoding complexity has to increase or scheduling flexibility reduces. 
Now we are left with Option 1B and Option 3. From a complexity perspective, it is undesirable that PSCCH and PSSCH follow separate and independent resource selection procedures. It is more natural that a UE first selects a time-frequency resource for PSCCH and PSSCH. In terms of resource efficiency, a UE should use all frequency resources in every symbol within a TTI. Then, Option 3 is preferable to Option 1B since Option 3 uses all available frequency resources. Then, following the same argument of using all available frequency resources, the frequency resource of PSSCH should be at least as large as the frequency resource of PSCCH. 
Proposal 3: For multiplexing of PSCCH and the associated PSSCH, Option 3 should be adopted.
Proposal 4: The frequency resource of PSSCH should be at least as large as the frequency resource of PSCCH.
Finally, we propose that PSCCH and PSSCH should have the same staring position in frequency resource because then the starting frequency position of PSSCH can be directly inferred. 
Proposal 5: The stating frequency position of PSSCH is the same as the starting frequency position of PSCCH.
Figure 3 illustrates our proposed multiplexing of PSCCH and the associated PSSCH.
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(a) 														(b) 
Figure 3. Proposed multiplexing of PSCCH and the associated PSSCH.

Carrier of Feedback Information
In general, it is desirable to have a feedback channel for conveying ACK/NACK or CSI from destination UE(s) to the source UE. The feedback information can be used for link adaptation to enhance reliability or spectral efficiency. The physical layer of LTE V2X only supports broadcast. It is not straightforward to introduce a feedback mechanism involving a large number or UEs, especially when a transmitting UE has no knowledge of their existence. By contrast, NR V2X will support unicast or multicast in the physical layer. Then, a feedback channel should be feasible at least for unicast traffic. For feedforward channel it was agreed that PSCCH and PSSCH are defined for NR V2X. A followup question is whether separate channel(s) should be defined for ACK/NACK and CSI. For CSI, we think that no separate channel is needed and CSI can be directly carried by PSSCH.
Proposal 6: If CSI feedback is supported in NR V2X, CSI is carried by PSSCH.
As for ACK/NACK, we first consider the case where ACK/NACK is transmitted on PSCCH. In the following we assume that the multiplexing of PSCCH and PSSCH follows a TDM-like design. Assume that UE 1 transmits a packet to UE 2 in slot n. After decoding PSSCH, UE 2 will send ACK/NACK to UE 1. A potential issue of transmitting ACK/NACK by PSSCH is latency. Considering UE processing time on PSSCH, it is challenging that UE 2 can send ACK/NACK in the beginning of slot n+1. If ACK/NACK is transmitted in slot n+2, then a retransmission from UE 2 can only be scheduled in slot n+3. The reason is explained below.
Due to half duplex, when UE 2 transmits ACK/NACK on PSCCH, UE 2 cannot decode PSCCH sent from other UEs. Even if UE 2 switches back to receive mode after sending ACK/NACK, UE 2 cannot decode PSSCH since it does not know the resource allocation. Thus, it is better for UE 2 to stay in transmit mode. UE 2 can transmit CSI on PSSCH to UE1 for facilitating link adaptation.
Similarly, from UE 1’s perspective, after UE 1 receives ACK/NACK, switching to transmit mode is useless because no control information can be sent when receiving ACK/NACK. Thus, if ACK/NACK is transmitted on PSCCH, then each UE should not change the transmit/receive mode within the slot. 
Observation 2: If initial transmission is in slot n and ACK/NACK is transmitted on PSCCH, a retransmission can only be scheduled at the earliest in slot n+3.
Observation 3: Due to half duplex, if ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK cannot decode any PSSCH in that slot.
Proposal 7: If ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK can use the PSSCH in the same slot to transmit CSI.
Now we consider the case where a separate channel is defined for ACK/NACK, which is termed “A/N channel” for convenience. Similar to the discussion in Section 3, a FDM-like channel is undesirable due to high latency. Then, to minimize the number of TX/RX switching within a slot, it is natural that this separate channel is placed in the end of slot. 
Proposal 8: If a separate channel is introduced for ACK/NACK, then it should be placed in the end of slot following a TDM-like design. 
If UEs cannot perform TX/RX switching within a slot, then there is no clear difference from transmitting ACK/NACK on PSCCH. Hence, in the following we assume that UEs can perform TX/RX switching within a slot. For example, in the beginning of a slot, a UE can be in receive mode and later on switch to transmit mode for transmitting ACK/NACK; or vice versa. In this case, an extra guard period has to be added for UEs switching from receive mode to transmit mode for ACK/NACK transmission and for UEs switching from transmit mode to receive mode for ACK/NACK reception. As for UEs not transmitting or receiving ACK/NACK, such guard period is not required. Nevertheless, when some UEs perform TX/RX switching within a slot, the experienced power level changes and it takes time for AGC settling. We propose to further study two alternatives regarding the additional guard period. 
Proposal 9: If a dedicated A/N channel is introduced in NR V2X, the following two options for guard period are FFS:
· Option 1: Every slot has two guard periods, one in the beginning and one just before A/N channel; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Similar to multiplexing of PSCCH and PSSCH, if a separate A/N channel is introduced in NR V2X, then the multiplexing of A/N channel and PSSCH should be further studied. 
Proposal 10: If a dedicated A/N channel is introduced in NR V2X, the following two options for multiplexing of A/N channel and PSSCH are FFS:  
· Option A: Exclusive time resource for A/N channel;
· Option B: Within the time resource used by A/N channel, PSSCH of the same UE or other UEs can occupy unused frequency resources.
The proposed options for additional guard period and for multiplexing of A/N channel and PSSCH are illustrated in Figure 4.


Figure 4. Additional guard period and multiplexing of A/N channel and PSSCH.

Design of PSCCH and SCI
Since unicast, groupcast, and broadcast have very different characteristics, content of SCI should be tailored for each traffic type. All traffic types can occur simultaneously as a time, so an indicator of SCI format should be introduced to NR V2X.
Proposal 11: NR V2X should support multiple SCI formats. An SCI’s format should be self-indicated through one of its bit fields.
The physical layer of LTE V2X only supports broadcast and the destinations cannot be identified in the physical layer. Since NR V2X plans to support unicast and groupcast in the physical layer, it is desirable that only the intended UEs decode PSSCH. The unintended UEs can power down for the rest of TTI. Such requirement can be fulfilled by conveying destination ID in SCI or by CRC scrambling using RNTI. 
Conveying destination ID in SCI is straightforward but increases control overhead. By contrast, UE-specific RNTI (for unicast) and group RNTI (for groupcast) can be RRC configured and do not occupy control resource. However, CRC scrambling by RNTI has the issue that other UEs cannot decode PSCCH and thus has no knowledge about the resource allocation of PSSCH. For autonomous resource selection, which will be supported in NR V2X, it is important to learn the resource locations occupied by other UEs.
To resolve the drawbacks of the mentioned two solutions, we propose two-stage SCI: SCI is split into two parts, where SCI part 1 includes the location of time-frequency resource used by PSSCH and SCI part 2 contains the rest of SCI. SCI part 1 and SCI part 2 are encoded separately. No CRC scrambling is performed on SCI part 1 so that all UEs can decode SCI part 1. SCI part 2 are CRC scrambled by UE-specific RNTI or group RNTI so that only the intended UEs can learn SCI part 2 and further decode PSSCH. SCI part 1 is carried by PSCCH and SCI part 2 is piggybacked on PSSCH.
Proposal 12: The proposed 2-stage SCI should be considered in NR V2X. 
The unintended UEs can power down after it fails to decode SCI part 2. We remark that 2-stage SCI should only be applied to unicast and multicast because broadcast does not need a 2-stage SCI. 

Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: In order to support SCS 60kHz or 120kHz in NR sidelink, either the operating communication range should be restricted or extended CP has to be used.
Observation 2: If initial transmission is in slot n and ACK/NACK is transmitted on PSCCH, a retransmission can only be scheduled at the earliest in slot n+3.
[bookmark: _GoBack]Observation 3: Due to half duplex, if ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK cannot decode any PSSCH in that slot.
Proposal 1: For SCS 15kHz and 30kHz in FR1, the first symbol in a slot is used for TX/RX switching and AGC settling. For SCS 60kHz in FR2, the first symbol in a slot is used for TX/RX switching and AGC settling.
Proposal 2: For SCS 60kHz in FR1 and SCS 120kHz in FR2, aggregation of two or more slots to form a super slot should be adopted.
Proposal 3: For multiplexing of PSCCH and the associated PSSCH, Option 3 should be adopted.
Proposal 4: The frequency resource of PSSCH should be at least as large as the frequency resource of PSCCH.
Proposal 5: The stating frequency position of PSSCH is the same as the starting frequency position of PSCCH.
Proposal 6: If CSI feedback is supported in NR V2X, CSI is carried by PSSCH.
Proposal 7: If ACK/NACK is transmitted on PSCCH, the UE sending ACK/NACK can use the PSSCH in the same slot to transmit CSI.
Proposal 8: If a separate channel is introduced for ACK/NACK, then it should be placed in the end of slot following a TDM-like design.
Proposal 9: If a dedicated A/N channel is introduced in NR V2X, the following two options for guard period are FFS:
· Option 1: Every slot has two guard periods, one in the beginning and one just before A/N channel; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Proposal 10: If a dedicated A/N channel is introduced in NR V2X, the following two options for multiplexing of A/N channel and PSSCH are FFS:  
· Option A: Exclusive time resource for A/N channel;
· Option B: Within the time resource used by A/N channel, PSSCH of the same UE or other UEs can occupy unused frequency resources.
Proposal 11: NR V2X should support multiple SCI formats. An SCI’s format should be self-indicated through one of its bit fields.
Proposal 12: The proposed 2-stage SCI should be considered in NR V2X. 
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