[bookmark: _GoBack][bookmark: OLE_LINK6]3GPP TSG RAN WG1 Meeting #97	R1-1905950
Reno, USA, 13th – 17th May, 2019

Title:	Considerations on UL reference signals and channels design for NR-U
Source: 	ZTE, Sanechips
Agenda Item:	7.2.2.1.3
Document for:	Discussion and Decision
 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. In the WID, one of the objectives is to specify UL reference signal and physical layer channels design.  In RAN1 #AH_1901, #96 and #96bis meetings, the following agreements were further reached on UL signals and channels design for NR-U.
Agreement:
For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases

Agreement:
Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot by extending the RRC parameter startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13.

Agreement:
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
a. HARQ ACK prior to dedicated PUCCH resource configuration
b. HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions
Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH
Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported
Agreement:
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· [bookmark: OLE_LINK7]For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
· The following aspects are FFS:
· Support for small payloads (1 and 2 bits)
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3
Agreement:
Sub-PRB interlace design for PUSCH and PUCCH is not supported.
In this contribution, we discuss potential UL physical layer channels and reference signal design of NR-U, including UL interlace, PUSCH, PUCCH, and SRS.
 Potential UL physical channels and reference signals design
[bookmark: _Toc535588807]UL Interlace Design
[bookmark: _Toc1970555]PRB interlace design for 60 kHz in 20 MHz
In the previous meeting, some companies have proposed an interlace design of PUSCH and PUCCH for the case of 60 kHz SCS. Either M = 3, N = 8 or M = 2, N = 12 was given. However, in the case of M = 3, N = 8, the percentage of occupied channel bandwidth per interlace over declared channel bandwidth is 79.2% which is below the 80% OCB requirement. For  M = 2, N = 12, only two UEs can be multiplexed in a 20MHz via FDM and the layout looks awkward as shown in Figure 1.


Figure 1 M = 2, N = 12 for 60 kHz SCS in a 20MHz
Besides, in our view, the benefits of 60 kHz SCS PRB interlace are not clear, yet with several shortcomings such as scheduling restriction, etc. In this sense, the contiguous allocation as in Rel-15 would be sufficient.
Proposal 1:
· [bookmark: _Toc534971761][bookmark: _Toc1125961]PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
· 60 kHz SCS for PUSCH and PUCCH remains optional as in NR Rel-15.
[bookmark: _Toc1970556]Interlace design for CBW > 20 MHz
In the ad hoc meeting, a WA was reached for the interlace design for CBW > 20MHz. In this working assumption, it is stated that further studies are needed to decide whether partial interlace resource allocation (RA) is also supported. The main motivation for supporting partial interlace resource allocation would be to schedule a small frequency resource for PUSCH transmissions. However, this is rarely the case for operations with small bandwidth. Other aspects to be considered are the OCB limit and additional complexity/signalling overhead to support partial interlace. Moreover, RAN1 awaits a response from RAN4 on whether parts or whole of a BWP may be used for PUSCH transmission. 
Proposal 2: Discussion on aspects of interlace design for wideband carriers (> 20 MHz) can be deferred until RAN4 has provided detailed responses to the RAN1 LSs on wideband operation.
[bookmark: _Toc535588809]DFT-S-OFDM for interlaced transmissions
[bookmark: OLE_LINK3]In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation. It can directly be reused to meet the regulatory requirement and simplifies some design. For DFT-s-OFDM waveform, it has lower PAPR compared to CP-OFDM, which helps it achieve larger coverage than OFDM in power limited scenarios. However, for NR-U such as small cell scenario, coverage is not the bottleneck. Besides, the PAPR reduction of DFT-S-FDM is limited due to the interlace structure. Therefore, the PAPR advantages offered by DFT-s-OFDM would be reduced or even disappear when interlaced transmission is introduced for PUSCH/PUCCH. Furthermore, DFT-s-OFDM introduces constraints on the interlace design, e.g., restrictions on the number of PRBs per interlace. Therefore, DFT-s-OFDM should not be supported for interlaced transmissions.
Proposal 3: Only CP-OFDM waveform is supported for interlaced PUSCH and PUCCH transmission.
 PUSCH
Multiple starting positions for scheduled PUSCH
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
· Option 1: PUSCH(s) as in Rel-15 NR
· Option 2: Multiple candidate starting positions in one or multiple slot(s) are allowed for PUSCH scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be chosen depending on LBT outcome. 
Option 1 already supports certain level of flexible UL starting position within one slot. However, this option may result in more signaling overhead as each min-slot PUSCH scheduling need each DCI as current specification. Besides, splitting a slot-based PUSCH into multiple mini-slot-based PUSCHs leads to underutilized resources because there will be more DMRS resources for these mini-slot-based PUSCHs and be more HARQ processes.
Option 2 can solve the above issue by using multi-TTI scheduling and/or multiple candidate starting positions in one or multiple slot(s) are allowed for PUSCH in one DCI, and UE can decide the transmission starting point based on CCA outcome. Therefore, channel access granularity can be enhanced. And multiple candidate symbols in one PUSCH can be configured or indicated as illustrated in Figure 2. Compared with Option 1, the DCI overhead is relatively small. Besides, for Option 2, symbol #0, #1, #2, #3, #7, #10 can be considered as the PUSCH starting positions considering the DMRS position. Wherein, the UE just needs to prepare one PUSCH and punctures the PUSCH symbols from the beginning of the slot based on the CCA outcome. gNB would detect the PUSCH through blind detection. The symbol index of the scrambling sequence of DMRS is fixed.	


Figure 2 An example for multiple candidate starting positions in one or multiple slot(s)
Proposal 4: Multiple candidate PUSCH starting positions in a single UL grant can be supported in one slot, such as symbol #0, #1, #2, #3, #7, #10. 
[bookmark: _Toc535588814]PUSCH resource allocation in frequency domain 
To support the interlaced PUSCH, the method used in LAA can be used as a reference. Wherein, the basic unit of resource allocation can be an interlace. For example, In Rel-14 eLAA, resource allocation for an interlaced PUSCH transmission is signalled by DCI format 4B where the resource indication value (RIV) indicates one or more full interlaces allocated for PUSCH transmission. In addition, bitmap method can also be used to indicate which interlace is allocated for the PUSCH. Both methods can be directly reused for 20 MHz bandwidth. 
[bookmark: OLE_LINK5]Furthermore, for wide-band operation, UL BWP consists of multiple LBT sub-bands, so the PUSCH frequency resource in a BWP can be considered to be determined by combining interlace unit index and sub-band index. 
Proposal 5: For PUSCH resource allocation in frequency domain, 
· The method in LAA can be used as the baseline, such as interlace bitmap and type 0 RIV scheme can be used.
· For wide-band operation, the PUSCH frequency resource in a BWP can be considered to be determined by combining interlace unit index and sub-band index considering BWP consists of multiple LBT sub-bands.
PUCCH
[bookmark: _Toc1970562]Block Interlaced PUCCH
In RAN1#96 meeting, it was agreed to support Rel-15 PUCCH formats PF2 and PF3 in NR-U with some possible enhancements. It is stated in WID that PUCCH format(s) is extended to support PRB-based block-interlaced transmission. Therefore, PUCCH format PF2 and PF3 should be extended to support PRB-based block interlaced transmission. Wherein, NR Rel-15 PUCCH format 2 uses CP-OFDM waveform and supports allocation ranges of 1 to 16 PRB(s). Thus, the OCB requirement can easily be fulfilled, e.g., 10 RB of one interlace can be allocated. NR Rel-15 PUCCH format 3 uses DFT-s-OFDM waveform and supports allocation of up to 16 PRBs. Hence, distributed PRBs across one interlace can also be supported by PUCCH format 3. In Section 2.3.3, the simulation results will be provided for legacy PF2/3 and enhanced PF2/3. Besides, the DFT-s-OFDM waveform should be replaced with CP-OFDM to simplify the design. 
In NR-U, in most cases a UE would transmit more than 2 bits of HARQ-ACK, due to the uncertainty of LBT outcome, even though there is still chance to send only 1 or 2 bits UCI. For 1 or 2 bits, in the case receiving dedicated PUCCH resource set configuration and the case of transmit SR only, according to the Rel-15 NR specification, only PUCCH format 0/1 can be used. If PUCCH format 0/1 is not supported for NR-U, some coding scheme should be extended to ensure at least 3 bits for PUCCH format 2/3. Otherwise, padding scheme or repetition method should be introduced for PUCCH format 2/3 to support small payload. And these methods will have some influence on channel coding of 38.212. Instead, NR PUCCH format 0/1 can be considered with some simple mapping enhancement which support carrying < 2bits payload. Repetition of PF0/1 over RBs of an interlace can be considered to meet the OCB requirement. 
Furthermore, for a 20 MHz carrier bandwidth, one full interlace of physical resources seems enough for a PUCCH. Instead of indicating the index PUCCH-starting-PRB, the gNB should indicate the index of the allocated interlace i. 
Proposal 6: 
· Enhancement to PF0/PF1 can be supported.
· Repetition of PF0/1 mapping to physical resources over RBs of one interlace can be considered.
· Replacing DFT-s-OFDM with CP-OFDM for the enhanced PF3.
[bookmark: _Toc535588817][bookmark: _Toc1970563]Multi-user multiplexing for block-interlaced PUCCH format(s)
For multi-user multiplexing for PUCCH, such as PUCCH format 2 and 3, the same scheme as NR Rel-15 can be used through FDM/TDM. For example, in NR-U, different UEs can use different interlace unit to achieve FDM for PUCCH format 2/3. Besides, TDM in a slot can also be used as different length of symbols can be supported for each PUCCH. Therefore, OCC in time or frequency is not needed for NR-U PUCCH format 2/3.
[bookmark: OLE_LINK9]For PUCCH format 0 and 1, besides FDM and TDM, cyclic shifting is supported by format 0. And for PUCCH format 1, cyclic shifts used by DMRS and OCC in time used by UCI payload can also provide high-multiplexing capacity, therefore, it can provide much UE to reach multiplexing. And no further enhancement is needed for user multiplexing.
At last, we summarize the NR-U PUCCH formats that we think should be supported, as illustrated in Table 2-1.
[bookmark: _Ref534908630]Table 2‑1 Extending NR Rel-15 PUCCH formats to NR-U
	
	NRU-F0
	NRU-F1
	NRU-F2
	NRU-F3

	Corresponding NR Rel-15 Format
	F0
	F1
	F2
	F3

	Structure
[bookmark: OLE_LINK10]or multiplexing method of UCI payload and DMRS
	Sequence-based
	TDM
	FDM
	TDM

	# of bits
	≤2
	≤2
	>2
	>2

	# of Interlaces
	1
	1
	1
	1

	# of OFDM symbols
	1-2
	4-14
	1- 2
	4-14

	User Multiplexing support
	FDM/TDM/CDM
	FDM/TDM/CDM
	FDM/TDM
	FDM/TDM

	User multiplexing capacity
	10*12
	>= 10*12*2 ,<= 10*12*7
	10
	10



Proposal 7: Rel-15 PUCCH multiplexing scheme for each format should be reused, no further enhancement is needed.
Evaluation on enhanced PUCCH
We evaluated enhanced PUCCH format 2 and enhanced PUCCH format 3. Simulation parameters for PUCCH and the reporting metrics are listed in Appendix A and Appendix B, respectively. RE mapping pattern can be seen in Figure 3 below.



Figure 3 RE mapping pattern for E-PF2/3
In Figure 4, we provide the simulation result comparison between legacy PUCCH format 2/3 for contiguous RBs allocation and the enhanced PUCCH format 2/3 for interlaced allocation.
[image: ][image: ]
Figure 4 BLER comparison between legacy PUCCH format 2/3 for contiguous RB allocation and the enhanced PUCCH format 2/3 for interlaced allocation.
 SRS
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995]Similar to LTE, Rel-15 NR supports SRS-based frequency-selective scheduling and periodic/aperiodic SRS transmission. Rel-15 NR also supports SRS-based downlink beamforming and semi-persistent SRS transmission,. In NR-U, aperiodic SRS should be supported similar to eLAA, since aperiodic SRS can match the characteristics of opportunistic transmission in unlicensed band. Periodic SRS and semi-persistent SRS can also be considered. However, they may be actually sent in an irregular periodic/semi-persistent manner due to LBT.
Rel-15 NR SRS waveform can be reused for NR-U SRS. The comb structure with comb number KTC = 2 or 4 can facilitate SRS transmission to meet the requirements of OCB/PSD by proper configuration, while enabling UE to better utilize the power. SRS can be multiplexed with PUSCH/PUCCH in a TDM manner. Block-interlaced SRS and frequency domain multiplexing of SRS with PUSCH/PUCCH are not necessary for NR-U. Interlaced SRS and frequency domain multiplexing have great impacts on the exiting specification, and they will destroy the cross-correlation properties of ZC sequence. Without accurate evaluation, it is difficult to determine whether it is really beneficial for PUSCH link adaptation.
Proposal 8: The waveform of Rel-15 NR SRS can be reused for NR-U SRS. NR-U does not need to support interlaced SRS transmission and frequency domain multiplexing of SRS with PUSCH/PUCCH.
As described in FL summary [2], aperiodic SRS resources are triggered in slot n by DCI in Rel-15 NR. A slot offset k is configured by RRC for an SRS resource set such that the resources are transmitted in slot n + k. In contrast, in LTE, more flexibility in triggering aperiodic SRS is allowed to compensate for the fact that slot n + k may not always be an UL slot. For NR-U it may be beneficial to introduce this same kind of flexibility, i.e., allowing SRS to be transmitted in the next UL after slot n + k.
Proposal 9: NR-U should introduce additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.
 Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U UL reference signal design and physical channel design, and have the following proposals: 
Proposal 1:  
· PRB block interlace design for 60 kHz is not supported for PUSCH and PUCCH. 
· 60 kHz SCS for PUSCH and PUCCH remains optional as in NR Rel-15.
Proposal 2: Discussion on aspects of interlace design for wideband carriers (> 20 MHz) can be deferred until RAN4 has provided detailed responses to the RAN1 LSs on wideband operation.
Proposal 3: Only CP-OFDM waveform is supported for interlaced PUSCH and PUCCH transmission.

Proposal 4: Multiple candidate PUSCH starting positions in a single UL grant can be supported in one slot, such as symbol 0,1,2,3,7,10. 
Proposal 5: For PUSCH resource allocation in frequency domain, 
· The method in LAA can be the baseline, such as interlace bitmap and type 0 RIV scheme can be used.
· For wideband operation, the PUSCH frequency resource in a BWP can be considered to be determined by combining interlace unit index and sub-band index considering BWP consists of multiple LBT sub-bands.
Proposal 6: 
· Enhancement to PF0/PF1 can be supported.
· Repetition of PF0/1 mapping to physical resources over RBs of one interlace can be considered.
· Replace DFT-s-OFDM with CP-OFDM for the enhanced PF3.
Proposal 7: Rel-15 PUCCH multiplexing scheme for each format should be reused, no further enhancement is needed.
Proposal 8: The waveform of Rel-15 NR SRS can be reused for NR-U SRS. NR-U does not need to support interlaced SRS transmission and frequency domain multiplexing of SRS with PUSCH/PUCCH.
Proposal 9: NR-U should introduce additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.
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Appendix A
Table A-1 PUCCH format 2/3 simulation assumption
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	10ns

	Antenna configuration at BS*
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0 ppm

	UE speed
	3 km/h

	Subcarrier spacing
	15kHz

	Number of code-division multiplexed users if applicable
	1 user

	Interference assumption
	No inter-cell interference

	channel estimation assumptions
	 Practical



Appendix B

Table B-1 Reporting metrics for E-PF2
	Parameter
	Value
	Notes

	Enhanced PUCCH Format
	E-PF2
	e.g., E-PF0, E-PF1,, E-PF3

	Number of OFDM symbols used for PUCCH resource
	1
	e.g., 1, 2, 4, 14

	Number of RBs used for PUCCH resource (N_RB)
	1 full interlace
（10 RBs）
	At least 1 full interlace assumed
(Assume interlace design for 20 MHz carrier bandwidth as agreed in RAN1AH#1901 for 15kH and 30 kHz is used)

	Frequency domain OCC configuration details (if applicable)
	no
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols, OCC cycling (if applicable)

	Time domain OCC configuration details (if applicable)
	no
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols

	Number of multiplexed users, e.g., by code division if applicable
	1
	1 user is assumed as baseline
Companies are to report other cases if evaluated

	Waveform
	CP-OFDM
	e.g., CP-OFDM or DFT-s-OFDM

	PUCCH encoder type
	Reed Muller
	e.g., Reed Muller or Polar

	SCS
	15 kHz
	15 kHz, 30 kHz

	Noise level, Np (dBm)
	-106.45
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	[bookmark: _Hlk5184969]Required SNR (dB)
	-2.2
	Required SNR needed to fulfil detection criterion(1)(2), read from simulation curve

	Cubic Metric
	13
	Note: Single value reported in dB

	P_max (dBm)
	20
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	13
	Backoff is computed as the cubic metric.
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	10
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	118.65
	MCL = P_TX – SNR – Np

	PUCCH payload size(s) (bits)
	8bit
	If multiple payload sizes evaluated, then MCL to be plotted vs. PUCCH payload size

	PUCCH encoding rate(s)
	0.05
	If multiple payload sizes evaluated, then multiple encoding rates to be reported (if applicable)



Table B-2 Reporting metrics for E-PF3
	Parameter
	Value
	Notes

	Enhanced PUCCH Format
	 E-PF3
	e.g., E-PF0, E-PF1, E-PF2, E-PF3

	Number of OFDM symbols used for PUCCH resource
	7
	e.g., 1, 2, 4, 14

	Number of RBs used for PUCCH resource (N_RB)
	10
	At least 1 full interlace assumed
(Assume interlace design for 20 MHz carrier bandwidth as agreed in RAN1AH#1901 for 15kH and 30 kHz is used)

	Frequency domain OCC configuration details (if applicable)
	no
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols, OCC cycling (if applicable)

	Time domain OCC configuration details (if applicable)
	no
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols

	Number of multiplexed users, e.g., by code division if applicable
	1
	1 user is assumed as baseline
Companies are to report other cases if evaluated

	Waveform
	DFT-s-OFDM
	e.g., CP-OFDM or DFT-s-OFDM

	PUCCH encoder type
	Polar
	e.g., Reed Muller or Polar

	SCS
	15
	15KHz, 30KHz

	Noise level, Np (dBm)
	-106.45
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	Required SNR (dB)
	-6.7
	Required SNR needed to fulfil detection criterion(1)(2), read from simulation curve

	Cubic Metric
	9
	Note: Single value reported in dB

	P_max (dBm)
	20
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	9
	Backoff is computed as the cubic metric.
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	14
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	127.15
	MCL = P_TX – SNR – Np

	PUCCH payload size(s) (bits)
	20
	If multiple payload sizes evaluated, then MCL to be plotted vs. PUCCH payload size

	PUCCH encoding rate(s)
	0.0167
	If multiple payload sizes evaluated, then multiple encoding rates to be reported (if applicable)
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