[bookmark: OLE_LINK3]3GPP TSG RAN WG1#AH1901 Meeting	R1-1900825
Taipei, Taiwan, Jan 21st – 25th, 2019

[bookmark: _Ref133120545]Source:	Sharp
Title:	UL signals and channels for NR-U
Agenda Item:	7.2.2.1.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
In this contribution, we discuss UL signals and channels for NR-U. 
2. [bookmark: OLE_LINK1]Discussion on PRB-based interlace design
2.1. Interlace patterns
Interlace pattern is configured with the number of interlaces M and the number of PRBs per single interlace N as agreed in RAN1#94b shown in Table 1.
Table 1. Candidates of interlace patterns and availability at 20MHz bandwidth
	SCS
	Candidate interlace patterns
	Occupied Bandwidth
	Availability at 20MHz Bandwidth

	
	M
	N
	PRB
	((N-1)*M+1)*12*SCS
	

	15KHz
	12
	8 (or 9)
	85
	15.30 MHz
	X

	
	10
	10 (or 11)
	91
	16.38 MHz
	O

	
	8
	13 (or 14)
	97
	17.46 MHz
	O

	30KHz
	6
	8 (or 9)
	43
	15.48 MHz
	X

	
	5
	10 (or 11)
	46
	16.56 MHz
	O

	
	4
	12 (or 13)
	45
	16.20 MHz
	O

	60KHz
	4
	6 (or 7)
	21
	15.12 MHz
	X

	
	3
	8 (or 9)
	22
	15.84 MHz
	X

	
	2
	12
	23
	16.56 MHz
	O

	
	2 (26 PRBs)
	13
	25
	18.00 MHz
	O



As analyzed in [1], some candidates of interlace patterns in Table 1 are inappropriate to adopt in NR-U due to the fact that they are not satisfied with 80% of the minimum occupied channel bandwidth (OCB) requirement (i.e. 16MHz OCB for 20MHz BW). As an example with the number of interlaces M = 12 and the number of PRBs per single interlace N = 8 for 15KHz SCS, the occupied bandwidth is 15.30MHz which is not satisfied with minimum OCB requirement. The availability at 20MHz bandwidth is also listed in Table 1. Based on this fact and on the perspective of maximum user multiplexing, we propose that M=10, N={10, 11} for 15KHz SCS and M=5, N={10, 11} for 30KHz SCS should be supported. 
Proposal 1: Interlace patterns of M=10, N={10, 11} for 15KHz SCS and M=5, N={10, 11} for 30KHz SCS should be supported.
2.2. Interlace design for wideband carriers
In TR 38.889[2], following agreement is reached: 
	For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.



The universal pattern (Alt-1) is identified as beneficial in the case that UEs configured with overlapping bandwidth parts (BWPs) and the adhoc pattern (Alt-2) may be beneficial in the case that sub-band LBT transmission. Unlike LTE-LAA, a gNB can freely configure different BWPs to different UEs at anywhere within carrier bandwidth in Rel.15 NR. The BWP can help both a gNB and a UE to efficiently use of frequency resource under the severe circumstance. For the interlace design in NR-U, however, overlapping BWPs between UEs lead somewhat complicated situation to allocate interlace to each UE. Even though UEs don’t care about what interlace pattern is, the gNB should search for available interlace slot for newly connected every single UE depending on the size of BWP. From the perspective of ease of interlace management, we propose that same interlace spacing for all interlaces should be supported in NR-U (Alt-1).
Proposal 2: Same interlace spacing for all interlaces should be supported in NR-U.
Now, we have to consider the capacity of UE multiplexing in interlace design. Alt-1 and Alt-2 in above agreement takes into account 20MHz sub-band, and same interlace parameters, say M and N, span (or clone) into wider bandwidth (larger than 20MHz). In case of same interlace pattern applying to both 20MHz and 40MHz bandwidth, for example, the PRB number of 40MHz BWP for a single interlace becomes twice compared to that of 20MHz. This may be a wasteful resource usage, especially for a UE in higher SNR. 
Observation: Same interlace parameter for 20MHz and larger than 20MHz BWP may be a wasteful resource usage.


Fig. 1. Interlace structure of 20MHz and 40MHz bandwidth
On the other hand, if the larger than 20MHz bandwidth retains same number of PRBs (N) to 20MHz bandwidth, then it might be beneficial for frequency diversity gain, and the capacity of UE multiplexing. Assuming three UEs that UE1 has 40MHz bandwidth, UE2 and UE3 have 20MHz bandwidth, respectively, and BWPs of UE2 and UE3 are overlapping with that of UE1 as shown in Fig.1. For the case that UE2 uses an interlace pattern 0 (blue-colored in Fig.1), UE1 is able to use the rest of 18 interlaces except interlace index 0 and index 10 on whole bandwidth. Accordingly, one simple method can be considered to determine the number of interlaces for the bandwidth larger than 20MHz given by
 ,
where  is the number of interlace defined in Table 1, and  is bandwidth (e.g., multiple of 20MHz). 
Proposal 3: The interlacing operation in the larger bandwidth should be capable of multiplexing more UEs.
3. Discussion on NR-U PUCCH
In TR38.889[2], following consensus about PUCCH format for NR-U is reached:
	[bookmark: _Toc531343011]7.2.1.2	Physical layer channel designs
[…]
Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
[…]
-	Flexible number of OFDM symbols
-	Short duration, e.g., 1 or 2 OFDM symbols
-	Long duration, e.g., 4 – 14 OFDM symbols
-	Flexible UCI payload
-	Small payload, e.g., 1 or 2 bit
-	Larger payloads, e.g., > 2 bits
-	Coding of UCI payload, e.g.,
-	Extend legacy (NR Rel-15) PUCCH encoder to handle small payloads
-	Repetition of coded UCI bits across PRBs of an interlace
-	UCI Codebits over all PRBs, i.e. no repetition coding.
-	Number of supported PUCCH formats
-	Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
-	OCCs
-	Cyclic shifts
-	FDM within an interlace
-	Multiplexing method of UCI payload and DMRS, e.g,
-	TDM 
-	FDM
-	Mechanism to control PAPR, e.g.,
-	OCC cycling
-	Bit level processing
-	PRB level processing
-	Sequence hopping
-	PUCCH waveform, e.g.,
-	CP-OFDM
-	DFT-s-OFDM
-	Performance, e.g.,
-	Required SNR to achieve a target BLER
-	Required SNR to achieve target ACK to NACK rate, NACK to ACK rate and DTX to ACK rate
-	Coverage considering CM/PAPR
[…]
It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.




As shown in above in TR38.889 [2], it is reported that legacy PUCCH format 2/3 are beneficial for NR-U while PUCCH format 0/1/4 are not well-suited for NR-U due to insufficiency to meet temporary minimum OCB requirement in a COT (i.e., 2MHz). Also, the enhanced PUCCH format is essentially required as legacy PUCCH formats are not optimized in NR-U such as PRB-based interlace operation. It may be sufficient to design one enhanced short PUCCH format and one enhanced long PUCCH format. A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.
Proposal 4: Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.

As aforementioned in Section 2, interlace operation suffers from the capacity of UE multiplexing by itself. Accordingly, it is essentially required to utilize additional multiplexing methods. Among lots of solutions, orthogonal cover code (OCC) is an attractive method due to its simplicity where the OCC is not adopted in legacy PUCCH format 2/3 in Rel.15 NR. Assuming that 15KHz SCS case, then the number of interlaces M is 10, and the number of PRBs N is 10 PRBs. The OCC generation method can be mainly considered two ways: Alt.1) generate OCC against 10PRBs and divide into each PRB. Alt.2) generate OCC against 1PRB and permute in whole PRBs. It is well-known that OCC sequence which is widely frequency dispersive may introduce loss of orthogonality due to channel state such as frequency selective fading, and thus Alt.1 may not be suited in interlace circumstance of NR-U. From the perspective of preserving orthogonality, Alt.2 can be an attractive method. The OCC used in legacy PUCCH format 4 might be a good reference to adopt OCC. 


Fig. 2. An example of OCC with spreading factor for 4 and 12.
[bookmark: _GoBack]Figure 2 illustrates an example of OCC with spreading factors for 4 and 12 where dx (x=0,1,2…) denotes the index of BPSK or QPSK symbols. We see that there is a tradeoff between user multiplexing capacity and transmission capacity. For the case of spreading factor 4, three QPSK (or BPSK) symbols of coded bits can be transmitted while four users can be multiplexed in a PRB for a single OFDM symbol. On the other hand, twelve users can be multiplexed in the same condition although only one QPSK (or BPSK) of coded bits can be transmitted. In legacy PUCCH format 4 of Rel.15 NR, it is allowed only one PRB for transmission, and thus spreading factor 2 and 4 are naturally adopted to mitigate the tradeoff. In the case of NR-U, however, a UE has several PRBs (e.g., 10 PRBs for 15KHz) to transmit PUCCH in interlace operation. This is a large enough to transmit PUCCH, especially for the tiny UCI payload. Therefore, we propose that the OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12. 
Proposal 5: The OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12.
4. Discussion on NR-U PUSCH
In NR-U study phase, partial slot design was discussed and the following outcomes were captured in TR38.889 [2].
	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 starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.



4.1. Uplink partial slot transmission
Uplink transmissions have to be well-controlled by the network. Therefore, the PUSCH transmission should be limited to inside of scheduled resources even if channel access timing is delayed. In TR38.889 the following two options are captured.

· Option 1: PUSCH(s) as in Rel-15 NR
· Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome.

In order to mitigate a negative impact by LBT failure, Option 2 should be supported. There are two levels for adopting Option 2. One is to allow multi-slot scheduling by a single UL grant but to limit possible starting positions to be slot boundaries, just like Rel-14 eLAA. The other is to allow multiple possible starting positions within a slot, which is similar to Rel-15 feLAA partial PUSCH Mode 1. For fair co-existence with the other nodes, it should be considered to maximize resource utilization. Hence, both levels should be supported. Similar to downlink, even if there are multiple possible starting positions within a scheduled slot, UEs do not have enough time to process PUSCH preparations after getting UL LBT results. Therefore, puncturing should be used for adjusting the PUSCH starting position to an allowed position.

Proposal 6: 
· If contiguous slots are scheduled for PUSCH transmissions from a UE and LBT does not passed for the first slot, the UE should still have a chance to start the PUSCH transmissions from the next slot subject to LBT.
· Multiple PUSCH starting positions within a slot depending on LBT results should be supported.
· Puncturing is used for starting position adjustment.
5. Conclusion
In this contribution, we propose
[bookmark: _References]Proposal 1: Interlace patterns of M=10, N={10, 11} for 15KHz SCS and M=5, N={10, 11} for 30KHz SCS should be supported.
Proposal 2: Same interlace spacing for all interlaces should be supported in NR-U.
Proposal 3: The interlacing operation in the larger bandwidth should be capable of multiplexing more UEs.
Proposal 4: Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.
Proposal 5: The OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12.
Proposal 6: 
· If contiguous slots are scheduled for PUSCH transmissions from a UE and LBT does not passed for the first slot, the UE should still have a chance to start the PUSCH transmissions from the next slot subject to LBT.
· Multiple PUSCH starting positions within a slot depending on LBT results should be supported.
· Puncturing is used for starting position adjustment.
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