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1	Introduction
In this paper we discuss the remaining open issues for PUCCH, PUSCH, and SRS design, accounting for the guidance provided in RAN#84 on essential features for NR-U [1]. In addition, we discuss the configurability of interlace transmission for PUSCH/PUCCH. We also further discuss the enabling of the agreed new behavior for configured uplink (CUL) transmissions.
2	Configurability of Interlace Transmission for PUSCH/PUCCH
The following agreements regarding configurability of interlace transmission were made in RAN1#98b, and the main FFS items to address are highlighted:
Agreement #1:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16

Agreement #2:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping
· FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration

Agreement #3:
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different

Agreement #4:
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether this RRC configuration applies to fallback DCI
· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

As a first step, it has agreed above that the frequency domain resource allocation (FDRA) type for PUCCH and PUSCH both before and after dedicated configuration is separately configured where the FDRA type is either interlaced or contiguous (as in Rel-15). This applies to the following:
· PUCCH
· Prior to dedicated configuration
· Cell-specifically configured PUCCH resource (PF0 or 1), e.g., for ACK/NACK of Msg4
· After dedicated configuration
· UE-specifically configured PUCCH resource sets for SR, ACK/NACK, CSI
· PUSCH
· Prior to dedicated configuration
· PUSCH scheduled by UL grant in RAR, i.e., Msg3
· PUSCH scheduled by DCI 0_0, e.g., PUSCH after Msg4
· After dedicated configuration
· PUSCH scheduled by DCI 0_0 and 0_1
· PUSCH transmission according to Type 1 and Type 2 Configured Grants

In Agreement #2 it is agreed that prior to dedicated configuration, the UE can expect the FDRA type to be cell-specifically configured as the same for both PUCCH and PUSCH. In other words, interlacing is on for both PUCCH/PUSCH or off for both; no mixing of FDRA types is supported prior to dedicated configuration. This is illustrated in Figure 1.
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[bookmark: _Ref24031132]Figure 1: UE expectations on configuration of frequency domain resource allocation (FDRA) type for PUCCH and PUSCH both before and after dedicated configuration. FDRA type can be interlaced or contiguous (as in Rel-15).

Based on these agreements the main open issues that need to be treated are the following:
· PUCCH
· For UE-specifically configured PUCCH:
· Agree on whether or not the UE can expect the FDRA type to be the same for all PUCCH resources
· Agree on whether or not the UE can expect the configuration of FDRA type to be the same for all PUCCH resources both before and after dedicated configuration
· PUSCH
· For PUSCH scheduled after dedicated configuration:
· By DCI 0_0: Agree whether or not the UE can expect to have configurable FDRA type
· By DCI 0_1: Agree whether or not the UE can expect to be dynamically indicated the FDRA type
· For all PUSCH transmissions (scheduled and configured) after dedicated configuration:
· Agree on whether or not the UE can expect the FDRA type to be the same
· Agree on whether or not the UE can expect the configuration of FDRA type for all PUSCH transmissions to be the same both before and after dedicated configuration
The decision on whether or not to configure interlaced FDRA is primarily based on the deployment and the regulatory regime, which is clearly static. For example, if NR-U is deployed in a regulatory region with a PSD constraint, e.g., 10 dBm/MHz, and an OCB regulation, e.g., 80%, it may make sense to configure interlaced FDRA for all PUCCH and PUSCH transmissions. If, on the other hand, the deployment is in a region without such constraints, then contiguous (Rel-15) FDRA may be sufficient. While there could be some optimizations achieved by using interlacing more selectively, e.g., depending on if a UE is at the cell edge or closer to the gNB, or also depending on the PUSCH payload and resource needs; however, this complicates scheduling to have some UEs transmitting on interlaces, and some UEs using contiguous mapping.
In our view, it makes sense to use interlaced FDRA for all PUCCH/PUSCH transmissions or to use contiguous (Rel-15) FDRA for all PUCCH/PUSCH transmissions, and not try to mix the two. Clearly, this simple mode of operation is expected to be used the majority of the time. Since the framework is already in place to configure interlacing on/off independently for PUCCH and PUSCH both before and after dedicated configuration, the hooks exist in the standard to do this, e.g., in a later release. In our view, due to the limited remaining time for finishing Rel-16, the UE behavior can be defined in a simple way such that the UE expects the FDRA type to be configured the same in all cases. Based on this we propose:
[bookmark: _Toc24135947]The UE can expect the configuration of the FDRA type to be the same for all PUCCH and PUSCH transmissions both prior to and after dedicated configuration. The FDRA type can be either interlaced or contiguous (Type 0/1 as in Rel-15). Whether or not interlaced FDRA type is configured is indicated by the already agreed parameters useInterlacePUCCHCommon-v16, useInterlacePUSCHCommon-v16, useInterlacePUCCHDedicated-v16, and useInterlacePUSCHDedicated-v16.
We note that it is already agreed that prior to dedicated configuration, the UE already expects such common configuration for PUCCH and PUSCH, hence with this proposal we extend this to both before and after dedicated configuration.
With this proposal, we note the above list of open issues is resolved as follows:
· PUCCH
· For UE-specifically configured PUCCH:
· Agree on whether or not The UE can expect the FDRA type to be the same for all PUCCH resources
· Agree on whether or not The UE can expect the configuration of FDRA type to be the same for all PUCCH resources both before and after dedicated configuration
· PUSCH
· For PUSCH scheduled after dedicated configuration:
· By DCI 0_0: Agree whether or not The UE can expect to have configurable FDRA type
· By DCI 0_1: Agree whether or not The UE can does not expect to be dynamically indicated the FDRA type
· For all PUSCH transmissions (scheduled and configured) after dedicated configuration:
· Agree on whether or not The UE can expect the FDRA type to be the same
· Agree on whether or not The UE can expect the configuration of FDRA type for all PUSCH transmissions to be the same both before and after dedicated configuration
We note that in a future release, if a more optimized behavior is needed, then it is a simple matter to update the above UE behavior. The RRC parameters are already in place to allow different configuration combinations.
[bookmark: _Ref534647998][bookmark: _Toc506553723][bookmark: _Toc510450969][bookmark: _Toc510452869][bookmark: _Toc510731134][bookmark: _Toc510731381][bookmark: _Toc510775731]3	PUCCH Design
The following agreements regarding PUCCH design were made in RAN1#98b, and the main FFS items to address are highlighted.
Agreement #1:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)


Agreement #2:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 when one interlace is configured as follows:
· User multiplexing is based on OCCs applied in at least the frequency domain to the UCI and reference signal REs separately
· User multiplexing for the UCI is based on RE-wise repetition within a PRB
· Support only frequency domain OCC lengths of 1, 2 and 4 to multiplex users on both 1-symbol and 2-symbol PF2
· Consider the following for controlling CM/PAPR. If supported, select from the following alternatives using CM and MCL as criteria
· OCC cycling across PRBs of an interlace
· Scrambling
· No CM/PAPR controlling mechanism
· Support an RRC parameter for indicating OCC configuration for interlaced PF2
· If two interlaces are configured, user multiplexing is not supported for interlaced PF2

Agreement #3:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
· User multiplexing for the UCI is based on the application of pre-DFT OCC with
· Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
· Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency
· User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
· Length of ZC sequence = number of tones in the interlace
· FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols
· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
· Support an RRC parameter for indicating OCC configuration for interlaced PF3
· If two interlaces are configured, user multiplexing is not supported for interlaced PF3

Agreement #4:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.

Agreement #5:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured

In summary the main open issues that need to be addressed are the following:
1. Interlaced PF0/1 (Related to Agreement #1)
a. For the step size Δ agree on one value from {1,5,7,11}
b. Agree whether or not user multiplexing for Interlaced PF0 is enhanced for the case of 2-bit ACK/NACK + SR
2. Interlaced PF2 (Related to Agreement #2)
a. For managing CM/PAPR agree on one of the following 3 mechanisms
i. OCC cycling
ii. Scrambling
iii. No mechanism
3. Interlaced PF3 (Related to Agreement #3)
a. For pre-DFT OCC, agree on either block-wise or symbol-wise repetition
b. Agree on mapping between OCC index (applied to UCI symbols) and cyclic shift index (applied to DMRS symbols)
4. For Interlaced PF2/3 (Related to Agreements #4 and #5)
a. Agree on whether or not there are configuration restrictions on spacing between the 2nd interlace (if configured) and the 1st interlace. Related to this, agree on how indication of 2nd interlace (if configured) is achieved in RRC
5. Indication of Cell-Specific Interlaced PUCCH Resource
a. This is not listed in any of the agreements; however, when interlacing is configured for cell-specific PUCCH resources, modifications to 38.213 Section 9.2.1 are needed
These open issues are discussed in the following sub-sections.
3.1	Interlaced PF0/1 
3.1.1	Step Size Δ
In this section we address open issue #1-a listed in Section 3.
In our evaluations in [4], we calculate CM for all possible initial cyclic shifts and all 30 base sequences (indexed by u=0, …, 29, v=0). We find that the step size with the minimal 95th percentile CM is Δ=7, as can be seen in Figure 1.
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	(a)	(b)	
[bookmark: _Ref21005490]Figure 2: CM for different step sizes, (a) Whole CDF (b) Zoomed in on 95th percentile.
[bookmark: _Toc24055536][bookmark: _Toc24135948]For interlaced PF0 and PF1, support the cyclic shift cycling step size Δ=7.
[bookmark: _Toc16167630][bookmark: _Toc21355133]3.1.2		User Multiplexing for Interlaced PF0
In this section we address open issue #1-b listed in Section 3.
In [4]  we analyse the impact of potentially increasing user multiplexing capacity for the case that PF0 is transmitted with both SR and 2-bit HARQ-ACK payload. According to the FFS in Agreement #1, the cyclic shift formula is modified as follows (addition of the 6*SR term):

The intention is that the SR is conveyed by effectively selecting a different cyclic shift cycling order through use of a different “effective Δ“ depending on positive/negative SR. With this approach the number of initial cyclic shifts consumed by one user is reduced from 8 to 4. Hence with 12 cyclic shifts in total, 3 users carrying SR + 2-bit HARQ-ACK payload can be multiplexed. While there are no cyclic shift collisions between users, the trade-off is that the number of unique cyclic shifts across the interlace are reduced by half for any given SR + HARQ-ACK payload. This degrades the detection performance for each user. Furthermore, since all 12 cyclic shifts are used, the performance can be sensitive to delay spread. In our view this is an optimization for a corner case, and does not necessarily offer the correct trade-offs.
[bookmark: _Toc24055537][bookmark: _Toc24135949]The agreed formula for cyclic shift hopping is not changed to include the  additional term (1+6*SR). SR is conveyed in the same way as in Rel-15.
3.2	Interlaced PF2 
3.2.1	CM/PAPR Reduction Mechanism
In this section we address open issue #2-a listed in Section 3.
From our evaluation results in [4], Figure 3 shows the performance difference in terms of MCL between using OCC cycling and not using OCC cycling. The performance is shown for simulations with 1 UE with different OCC mappings. The mappings are of the form Ax1, where A is the OCC length.
[image: ]	[image: ]
	(a)	(b)	
[bookmark: _Ref4598087]Figure 3: Performance comparison between using OCC cycling and not using OCC cycling for interlaced PUCCH Format 2 using 2 OFDM symbols for (a) 10 ns delay spread and (b) 100 ns delay spread.
As can be seen, OCC cycling gives roughly a 2 dB increased performance for OCC2 and 4-5 dB increased performance for OCC4 compared to using no OCC cycling. It is clear that a PAPR/CM controlling mechanism is needed.
We also investigate scrambling as an alternative mechanism to reduce CM/PAPR reduction mechanism. With scrambling, rather than using a different OCC in each PRB of the interlace, the same OCC is used in every PRB, but the repetition is broken up by applying a random BPSK, QPSK, or 8-PSK sequence across all REs within the interlace post-OCC. In [4], we show that the performance with scrambling is 0.25 – 0.5 dB worse than with OCC cycling. Moreover, since OCC codes need to be applied in every PRB anyway, scrambling creates additional complexity at both the UE and gNB side without offering a gain in performance.
Hence we propose
[bookmark: _Toc24017494][bookmark: _Toc24017495][bookmark: _Toc24017496][bookmark: _Toc24055538][bookmark: _Toc24135950]For interlaced PF2, support OCC cycling across PRBs of an interlace to reduce PAPR/CM.
The most natural OCC cycling order is to increment by 1 and wrap around after reaching the maximum OCC index.
[bookmark: _Toc24055539][bookmark: _Toc24135951]The OCC index used in PRB i of the interlace is , where n is the index of the initial OCC and  .
3.3	Interlaced PF3 
3.3.1	Pre-DFT OCC
In this section we address open issue #3-a listed in Section 3.
From our evaluation results in [4], Figure 4 shows the performance difference in terms of MCL between using block-wise repetition over the entire interlace and symbol-wise repetition for interlaced PUCCH Format 3. The reference sequence used corresponds to u=0 and v=0. Performance is shown for simulations with 1 UE with different OCC mappings of length 1, 2 and 4. As can be seen in Figure 4, block-wise repetition performs up to 1.5 dB better than symbol-wise repetition. It can also be noted that the Cubic Metric is higher for symbol-wise repetition.
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	(a)	(b)	
[bookmark: _Ref520303601]Figure 4: Performance comparison between block-wise and symbol-wise repetition for OCC for 1UE interlaced PUCCH Format 3 using 4 OFDM symbols with reference sequence u=0, v=0, (a) 10 ns delay spread (b) 100 ns delay spread.
[bookmark: _Toc24055541][bookmark: _Toc24135952]For Interlaced PUCCH Format 3, user multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in the time domain followed by mapping over the entire interlace in frequency (analogous to Rel-15 PF4).
3.3.2		OCC-to-Cyclic Shift Index Mapping
In this section we address open issue #3-b listed in Section 3.
The open issue is that the mapping between OCC index and cyclic shift index is not yet agreed. The most natural and straight forward approach is to select the same mapping as for NR Rel-15 PUCCH Format 4, see Table 1.
[bookmark: _Ref23981558]Table 1: Table 6.4.1.3.3.1-1 in 38.211: Cyclic shift index for PUCCH format 4.
	
[bookmark: _Hlk24054322]Orthogonal sequence index 
	Cyclic shift index [image: ]

	
	

	


	0
	0
	0

	1
	6
	6

	2
	-
	3

	3
	-
	9



[bookmark: _Toc24055540][bookmark: _Toc24135953]For Interlaced PUCCH Format 3 use the same OCC index to Cyclic Shift index mapping as for Rel-15 PUCCH Format 4. 
3.4	Interlaced PF2/3 
3.3.1	Configuration of 2nd Interlace
In this section we address open issue #4-a listed in Section 3.
In [4] we evaluate the performance difference (in terms of MCL) between allocation of different pairs of interlaces for Interlaced PF3. For the case of 30 kHz, we show performance for Interlace #0 in combination with Interlace X, where X = 1, 2, 3, or 4. For the case of 15 kHZ, X ranges from 0 to 9. We find that performance is similar for pairings that have narrowly spaced PRBs, and that for one or more pairings with widely spaced PRBs, the performance is improved. This suggests that it can be beneficial to choose certain pairings to optimize performance if needed. It also suggests that PUSCH interlace allocation should be as flexible as possible in order to allow flexible user multiplexing between PUSCH and PUCCH, especially if it is desired to choose good interlace combinations. This is different from eLAA, where PUSCH interlace allocations did not need to consider multiplexing with PUCCH.
For PUCCH, one option is to always constrain the 2nd interlace (if configured) to be as widely separated from the 1st interlace as possible, e.g., with a fixed offset. However, this limits scheduling flexibility when considering multiplexing of PUSCH and PUCCH of different users. For this reason we make the following proposal:
[bookmark: _Toc24055542][bookmark: _Toc24135954]For interlaced PF2 and PF3, there are no configuration restrictions on the spacing between the first and second interlaces. Interlace 0 and 1 are freely configurable.
3.5	Indication of Cell-Specific Interlaced PUCCH Resource
In this section we address open issue #5-a listed in Section 3.
In Rel-15, for PUCCH resources transmitted prior to dedicated RRC configuration on the other hand (e.g., for carrying HARQ-ACK/NACK for Msg2), a default PUCCH configuration is used based on indication of a row index into Table 9.2.1-1 in 38.213 carried by SIB1 (integer value 0 .. 15):
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



In Rel-15, each row defines a different PUCCH resource set with 16 PUCCH resources that are generated through a combination of frequency division multiplexing and cyclic shifts. The actual PUCCH resource used by the UE is indicated in DCI and is a function of the CCE position of the PDCCH candidate in the CORESET that provides the UL grant as well as the PUCCH resource indicator (PRI) field in the DCI. Furthermore, frequency hopping is used by default.
According to the following agreement from last meeting, PUCCH prior to dedicated configuration can be configured as in Rel-15 (contiguous mapping) or with interlaced mapping:
Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16
If contiguous mapping, the same procedure as in 38.213 Section 9.2.1 can be used for determining the PUCCH resource configuration, i.e., the PRB position of the first and 2nd hop and the cyclic shift index. However, if interlace mapping is configured, the procedure will need to be modified. Here we discuss the simplest set of modifications that will enable using the same table as shown above.
The first thing to recognize is that for initial access, where 30 kHz SCS is assumed, there are M = 5 interlaces. Table 9.2.1-1 above defines either NCS = 2, 3, or 4 initial cyclic shifts. Hence, the maximum number of PUCCH resources that could be configured in the initial BWP is M*NCS = 10, 15, or 20 resources, respectively. Hence, if NCS = 2 and 3, there are less than the 16 resources available in Rel-15; however, for NCS = 4 the full 16 are available. In our view, this is not a large problem, if 10 is too few resources in certain scenarios, then a row from the above table with either NCS = 3 or 4 can be used to increase the number of resources.
Fortunately, modifying the procedure for PUCCH resource configuration in 38.213 Section 9.2.1 to account for interlaced mapping is quite easy. The key observation is that the UE transmits PUCCH without frequency hopping (since interlace mapping is used), which simplifies the formulas for determining PRB position of the PUCCH resource. It turns out that if the BWP size variable is re-interpreted simply as the number of interlaces M, and the PRB position of the first hop is re-interpreted as the interlace index, the Rel-15 formulas still work. The necessary restrictions are that the UE is configured only with a row from the above table for which PRB offset is 0. This is fine, since a PRB offset does not make sense anyway for interlaced transmission. With these re-interpretations, it turns out that there are either 10, 14, or 16 unique PUCCH resources in the set depending on if NCS = 2, 3, or 4, respectively. This means that if the gNB configures NCS = 2 or 3, it should select a PRI value in DCI so as not to step outside the set of 10 or 14 available resources, respectively. If it configures NCS = 4, there are no restrictions on PRI.
[bookmark: _Toc24135955]For operation with shared spectrum channel access, reuse table 9.2.1-1 both for contiguous (Rel-15) mapping and interlace mapping. For interlace mapping, only the table rows with PRB offset 0 are used.
Based on the above discussion, we show below how new text in Section 9.2.1 in 38.213 can be added to support PUCCH resource configuration with interlace allocation. This text applies if the UE is configured with useInterlacePUCCHCommmon-r16. Otherwise, the existing text in Section 9.2.1 applies.
[bookmark: _Toc24135956]For PUCCH resource configuration with interlace mapping, support the following text proposal for 38.213 Section 9.2.1 based on the latest CR.
>>> Begin Text Proposal for 38.213 Section 9.2.1 >>>
[bookmark: _Ref498101660][bookmark: _Toc12021476][bookmark: _Toc20311588][bookmark: _Hlk24139888]9.2.1	PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. 
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-Common-r16; otherwise, the UE transmits a PUCCH without frequency hopping. 
An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. 
The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3. 
If a UE is not provided pdsch-HARQ-ACK-Codebook, the UE generates at most one HARQ-ACK information bit. 






If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

If  and a PUCCH resource is provided by pucch-ResourceCommon



-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 

If  and a PUCCH resource is provided by pucch-ResourceCommon


-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If the UE is provided useInterlacePUCCHCommon-r16, the UE is expected to receive pucch-ResourceCommon indicating a row of Table 9.2.1-1 for which . The UE is not expected to determine  for , respectively, where  is the total number of initial cyclic shifts indexes in the set of initial cyclic shift indexes. 

If  and a PUCCH resource is provided by pucch-ResourceCommon
-	the UE determines the interlace index  (defined in [38.211 Section 4.4.4.6]) of the PUCCH transmission as 

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 

If  and a PUCCH resource is provided by pucch-ResourceCommon
-	the UE determines the interlace index  of the PUCCH transmission as , where M is the number of interlaces (defined in [38.211 Section 4.4.4.6])

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
>>> End Text Proposal >>>

[bookmark: _GoBack]Using this text proposal, the tables below show the PUCCH resource configuration corresponding to three example rows all with 0 PRB offset: Row 0, 1, and 4 corresponding to NCS = 2, 3, and 4 initial cyclic shifts, respectively. Note that only one row in the table has NCS = 2 where there is a larger restriction on the number of unique (usable) PUCCH resources. The remaining rows all have either 3 or 4 initial cyclic shifts in the set and have either 14 or 16 usable resources, respectively.
[image: ]
	(a)	(b)	(c)
Figure 5: Interlaced PUCCH resource set configuration corresponding to (a) Row 0 with NCS = 2 resulting in 10 unique PUCCH resources (the last 6 rows are duplicated, and thus not usable) (b) Row 1 with NCS = 3 resulting in 14 unique PUCCH resources (the last 6 rows are duplicated, and thus not usable), and (c) Row 4 with NCS = 4 resulting in 16 unique PUCCH resources. Note: The columns with the heading “RB Index 1st hop” contain the interlace indices m that are confined within the range 0 .. M-1 where M = 5 for 30 kHz SCS. 
4	PUSCH Design
The following guidance on essential features for PUSCH design was provided in RAN#84 [1]:
Essential
· Interlaced PUSCH resource allocation design in DCI
Optimizations
· Multiple starting position within a PUSCH
· 60KHz PUSCH interlaced waveform

Regarding interlaced PUSCH resource allocation, the following open issues exist:
· Down-selection between two alternatives on how to indicate allocated interlaces for the case of 15kHz SCS (mechanism for 30 kHz SCS already agreed)
· Whether and how to support partial interlace allocation for PUSCH transmissions on a wideband carrier
These open items are addressed in the following two sections.
4.1	Interlace Allocation for PUSCH
In RAN1#98, some progress was made on frequency domain resource allocation for PUSCH with the following agreement:
Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
So far, the number of bits used to signal the interlace allocation has been agreed only for 30 kHz SCS; for 15 kHz two different alternatives have been identified for down-selection. For 30 kHz SCS where there are M = 5 interlaces, an X = 5-bit bitmap is used to allocate a combination of interlaces. Figure 1 illustrates an example where the first and 3rd bit are set indicating the 1st and 3rd interlace are allocated. With such signaling any combination of 1, 2, 3, 4, or 5 interlaces can be allocated.
[image: ]
[bookmark: _Ref21375308]Figure 6: Use of a bitmap to signal frequency domain resource allocation. Each bit of the bitmap corresponds to an interlace index. This example is for the case of 30 kHz SCS (M = 5 interlaces).
The agreement also says that the interlace allocation signalling applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by DCI 0_1 and 0_0
· Type 1 and Type 2 Configured Grant PUSCH
In each case, X bits of the respective frequency domain resource allocation field are used. We observe that depending on the PUSCH type, a different mechanism is used to convey the frequency domain resource allocation field.
Msg3 PUSCH
Msg3 PUSCH is transmitted according to the UL grant in RAR (Msg2). The number of bits used for indicating the frequency domain resource allocation is 14 as given by Table 8.2-1 in 38.213:
· Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



PUSCH Scheduled by DCI 0_1 and DCI 0_0
The following is supported in NR Rel-15 for DCI indication of the resource allocation type:
· DCI format 0_1 supports indication of Type 0 or Type 1. If both are configured, then the MSB of the frequency domain resource assignment field in DCI indicates which type is used
· DCI format 0_0 supports only indication of Type 1
Table 1 lists the number of bits provided by DCI for Type 0 and Type 1. These values are for the case of a 20 MHz carrier/BWP consisting of 106/51 PRBs for 15/30 kHz SCS. If both RA types are configured, the number of bits is one more than that shown in the table for Type 0. Configuration 1 and 2 in the table refer to the configurable RBG size for Type 0, e.g., 4 and 8, respectively, for the case of 51 PRBs. Note that for wider carrier bandwidths (> 20 MHz), the number of bits provided by DCI scales as the number of PRBs increases, hence Table 1 can be viewed as a lower bound on the number of bits available.
[bookmark: _Ref21375372]Table 1: Number of bits provided by DCI for frequency domain resource allocation (RA) Type 0 and Type 1 for the case of a 20 MHz BWP (106/51 PRBs for 15/30 kHz SCS). Configuration 1 and 2 refer to the nominal RBG size defined in in 38.214 Section 6.1.2.2.1.
	SCS
	RA Type 0
	RA Type 1

	
	Configuration 1 (Smaller RBG Size)
	Configuration 2 (Larger RBG Size)
	

	15 kHz (106 PRBs)
	14
	7
	13

	30 kHz (51 PRBs)
	13
	7
	11



Type 1 and 2 Configured Grant PUSCH
For Configured Grant (CG) Type 1 and 2 in Rel-15, the resource allocation type is configured by RRC as for dynamic PUSCH, i.e., RA Type 0, RA Type 1, or both. For CG Type 1, the frequency domain resource allocation is indicated by RRC, and is a fixed 18 bit field, regardless of bandwidth (see the frequencyDomainAllocation parameter in ConfiguredGrantConfig IE in 38.331). For CG Type 2 the RA it is indicated by the frequency domain resource assignment field in DCI as described above.
As can be seen from the above analysis, there is easily a sufficient number of bits in the frequency domain resource allocation field for all PUSCH types to accommodate X = 5 bits for the case of 30 kHz SCS. Plenty of bits are left over for indicating partial interlace allocation (see next section).
For the case of 15 kHz SCS, it is still FFS whether an X = 10-bit bitmap (Alt-1) is used or an X = 6 bit RIV field (Alt-2) is used for interlace allocation. Alt-2 is based on the same interlace allocation scheme as was used in LTE-LAA. The pros/cons of the two alternatives are listed below
Alt-1 (X = 10 bit bitmap)
· Pros
· Highest degree of scheduling flexibility – all interlace combinations are supported
· Enables flexible multiplexing between PUSCH and PUCCH, especially if PUCCH is allocated two interlaces, e.g., for interlace PF2/3
· Common allocation mechanism for both 15 and 30 kHz SCS
· Cons
· Uses 4 more bits than Alt-2

Alt-2 (X = 6 bit RIV field)
· Pros
· Uses 4 fewer bits than Alt-1
· Cons
· Reduced scheduling flexibility
· Reduced multiplexing flexibility between PUSCH and PUCCH, especially if PUCCH is allocated two interlaces, e.g., for interlace PF2/3
· Restriction on the number of supported non-contiguous allocations can lead to restrictions on transmit power under a PSD constraint

In our view, the argument that Alt-2 uses lower overhead is moot. As can be seen from the above overhead analysis, for a 20 MHz carrier/BWP with 15 kHz SCS, the minimum number of bits used for frequency domain resource allocation considering all PUSCH types is 14 (assuming the smaller RBG size for RA Type 0). For a wider carrier/BWP, the minimum number of bits is even larger, e.g., 15 bits for the case of a 40 MHz carrier (maximum carrier bandwidth for 15 kHz SCS). Since the bits are already used in DCI 0_1 and 0_0, saving bits is not relevant, especially since it comes at a cost of reduced scheduling flexibility.
The only argument potentially in favour of Alt-2 would be if there are not a sufficient number of bits left over for partial interlace allocation if X = 10 bits are used for interlace allocation. As can be seen by the above overhead analysis, a minimum of 4 bits would be left over for partial interlace allocation (14 – X = 4). Recall that this is for the case of a 20 MHz carrier/BWP where partial interlace allocation is not needed in our view. For the case of a 40 MHz carrier, 5 bits would be left over for partial interlace allocation (15 – X = 5) which is more than sufficient in our view.
Based on scheduling flexibility, PUSCH/PUCCH  multiplexing flexibility, and the benefits of having a common signalling mechanism, we propose the following:
[bookmark: _Toc24135957]Support Alt-1 from the RAN1#98 agreement for indicating the interlace allocation for PUSCH for 15 kHz SCS, i.e., X = 10 bits (10-bit bitmap to indicate all possible interlace combinations).
4.2	Partial Interlace Allocation for PUSCH
According to the following agreement from RAN1#98
Agreement:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported at least for PUSCH and PUCCH:
· 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 considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 
it is still an open issue whether/how partial interlace allocation is supported for PUSCH. Note that partial interlace allocation for PUCCH is already agreed. PUCCH can be configured to occupy the RBs on 1 or 2 interlaces within a single LBT bandwidth.
It has been observed that for small PUSCH payloads, the minimum granularity of one full interlace may be too coarse for a wideband carrier. However, we observe that the following options exist for handling smaller payloads:
[bookmark: _Toc24136046]For handling small PUSCH payloads, either of the following approaches may be used to limit the time/frequency resource consumption, and thus provide fine scheduling granularity:
a. [bookmark: _Toc24136047]Type-B PUSCH mappings may be used in combination with one full interlace 
b. [bookmark: _Toc24136048]Legacy Rel15 (non-interlace) PUSCH transmission may be configured using Rel-15 resource allocation Type 0/1
While the above approaches can cover a wide range of deployments, it may still be desirable to utilize interlace mapping and be able to allocate a partial interlace in some scenarios. Given previous agreements, it makes most sense to perform partial interlace allocation with a granularity of LBT bandwidths. Based on the following agreement from RAN1#98b:
Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.
the UE expects to receive resource allocations on contiguous LBT bandwidths within a wideband carrier. However, from a forward compatibility perspective, this does not prevent RAN from designing signaling to support non-contiguous LBT bandwidths. This is prudent from a forward compatibility perspective. In what follows we use the term “RB Set” to refer to the available RBs for scheduling/configuring resources within an LBT bandwidth. This terminology is used in the draft CR for 38.214.
The easiest approach to signal the scheduled/configured RB sets is to simply include a bitmap in the frequency domain resource allocation field where each bit corresponds to an RB Set. There appears to be broad support in RAN1 for such an approach. Considering that the maximum carrier bandwidth agreed in RAN4 so far is 80 MHz, Y = 4 bits is sufficient for the bitmap.
According to the overhead analysis of the previous section, a sufficiently number of bits are indeed available in the existing frequency domain resource allocation fields:
· 30 kHz SCS (X = 5 bits used for interlace allocation)
· Minimum of 14 – X = 9 bits are available in the frequency domain resource allocation field.
· 15 kHz SCS (Assuming X = 10 bits used for interlace allocation, i.e., Alt-1)
· Minimum 15 – X = 5 bits are available for partial interlace allocation for 40 MHz carrier/BWP
Clearly, even if the interlace allocation is indicated using a 10-bit bitmap (Alt-1), there are still sufficient bits available for a Y = 4-bit bitmap. In fact, to be safe, Y = 5 bits could be used in case RAN4 defines 100 MHz carriers in Band n46 (5 RB sets).
Based on the above discussion, we propose that existing bits in frequency domain resource allocation field in DCI 0_1, DCI 0_0, and in RRC for CG Type 1, are used to signal both the interlace combinations (using X bits) and the frequency domain resources available for PUSCH transmission (using Y bits) with a granularity of one RB set.
[bookmark: _Toc24135958]Support the following:
· [bookmark: _Toc24135959]For interlaced PUSCH transmission in a BWP, Y = log2() bits of the PUSCH frequency domain resource allocation (FDRA) field are used for indicating which RB sets (corresponding to LBT bandwidths) are allocated to the UE 
· [bookmark: _Toc24135960]This applies to PUSCH of at least the following types
· [bookmark: _Toc24135961]PUSCH scheduled by fallback and non-fallback DCI
· [bookmark: _Toc24135962]Configured Grant PUSCH Type 2 (FDRA indicated by DCI)
· [bookmark: _Toc24135963]Configured Grant PUSCH Type 1 (FDRA configured by RRC)
· [bookmark: _Toc24135964]A list of RB sets is configured by RRC in which each RB set indicates the RBs available for scheduling, and the Y bits indicate one or more elements in the list
· [bookmark: _Toc24135965]Note: In Rel-16, only contiguous RB sets may be allocated
· [bookmark: _Toc24135966]Note: The RBs in between the adjacent RB sets constitute an intra-carrier guard
Since the signaling only indicates the allocated interlaces and the allocated LBT bandwidths, it is essential to RRC configure a list of RB sets as in the proposal above. Only then will the UE know within an LBT bandwidth which RBs are available for resource allocation, or equivalently, which RBs are not available due to the presence of an intra-carrier guards.
5	Enabling New Behavior for Configured UL Transmissions
In RAN1#98b, the following agreement was made regarding new behaviour for configured UL transmissions:
Agreement:
· Allow configured UL (CUL) transmissions in a set of symbols of a slot when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols. This is applicable when operating with LBE for the following cases.
· When the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or 
· When the UE is not configured with a semi-static TDD pattern
· Note: Configured UL (CUL) transmissions are UL signals/channels configured by higher layers:
· PUCCH
· Configured Grant PUSCH
· Periodic SRS, [semi-persistent SRS]
· Unclear if semi-persistent SRS covered by the current Rel-15 behaviour
· [PRACH]
· Unclear if PRACH covered by the current Rel-15 behaviour
· FFS: How to allow the CUL transmissions as per the above

The motivation for introducing this behaviour is that according to Rel-15 rules (Section 11 in 38.213), CUL transmissions can be highly restricted in the case when the UE is configured to monitor DCI Format 2_0. In the case that that the UE does not detect DCI 2_0, e.g., if the gNB does not transmit DCI 2_0, then all CUL transmissions are cancelled. The only way to avoid the CUL transmissions from being cancelled is for the UE to detect an indication of ‘U’ by DCI Format 2_0. There is one exception to this rule: in a duration of time immediately after the UE monitors for DCI Format 2_0, CUL transmissions are not cancelled. The duration of time depends on the UE processing capability (PUSCH preparation time) and is in the range 5 to 12 symbols. The issue is illustrated in the top of Figure 1 (Rel-15 behavior).
[image: ]
[bookmark: _Ref21687024]Figure 7: UE behavior for configured UL (CUL) transmissions when DCI 2_0 is configured, but not detected.
The problem with the Rel-15 behavior can be highlighted using the example of PUCCH carrying SR. Normally, SR is transmitted autonomously when a UE has data to transmit. According to Rel-15 behavior, it means that DCI 2_0 must be received indicating the PUCCH symbols as ‘U’ before the SR can be transmitted. In other words, a DL signal must be received before the SR can be transmitted, which goes against the fundamentally autonomous nature of SRs. The issue is exacerbated in unlicensed spectrum where LBT can delay such a DL signal to be transmitted. Similar issues exist for the other CUL transmission types in the above list. The bottom part of Figure 1 suggests one option for new behavior where the “set of symbols” mentioned in the above agreement is all symbols in all slots between the DCI 2_0 monitoring occasions.
The open issues in the above agreement are the following:
· Clarification of whether or not PRACH is covered by current Rel-15 behavior
· Differences in behavior inside/outside discovery burst transmission window (DBTW)
· Potential differences in behavior inside/outside a gNB acquired channel occupancy
· Mechanism for enabling the new behavior
Clarification on PRACH
According to the most recent version of 38.213, PRACH transmissions for a UE in CONNECTED mode appear to be covered by the current Rel-15 behavior. Whether or not this is correct can be further discussed; however, PRACH is listed as a CUL transmission along with PUCCH and SRS. Such transmissions in connected mode are SR over PRACH or PRACH as a result of PDCCH order, e.g., to enable timing re-alignment.
However, UEs in IDLE mode are not configured to monitor DCI 2_0. Hence, PRACH for initial access purposes does not fall under the current rules for CUL transmissions. As a result PRACH transmissions for a UE in IDLE are not cancelled. They are allowed according to the (cell-specific) PRACH configuration indicated in SIB1. This is discussed further below.
Behavior Inside/Outside Discovery Burst Transmission Window (DBTW)
Since SS/PBCH block and PDCCH/PDSCH for SIB1 are important transmissions, and can occur anywhere within the discovery burst transmission window (DBTW), it is undesirable to have CUL transmissions as well as RACH from UEs in IDLE compete for channel access with SS/PBCH and SIB transmissions. That being said, it may still be useful for the gNB to be able to explicitly indicate a set of symbols as ‘U’ which can be useful, for example, if the DBTW has a relatively long duration, but LBT is successful at the beginning of the window. Based on this we propose the following:
[bookmark: _Toc21349797][bookmark: _Ref24043107][bookmark: _Toc24135967]Any PRACH occasion that overlaps with the discovery burst transmission window (if DRS-WindowLength-r16 is configured) shall be considered invalid.
[bookmark: _Ref24043116][bookmark: _Toc24135968][bookmark: _Toc21349798][bookmark: _Ref23857570]The new rule agreed in RAN1#98b does not apply to symbols within the set that overlap the discovery burst transmission window (DBTW), if configured. Instead, CUL transmissions within the DBTW are disallowed both during and after the PUSCH preparation time unless the UE receives a DCI 2_0 (or semi-static TDD configuration) indicating a set of symbols as ‘U.’
In other words, PRACH is always disallowed within the DBTW. Other CUL transmissions are also disallowed unless DCI 2_0 (or semi-static TDD configuration) indicates ‘U.’ For the latter, the behavior is similar to Rel-15 behavior except for the PUSCH preparation time where the CUL transmissions are disallowed. In our view, it is useful to define the above rules associated with the DBTW since the alternative would be to try to configure all CUL transmissions to avoid the DBTW. While possible, it may lead to high RRC overhead, e.g., if multiple configurations each with different slot offsets are needed to avoid the DBTW.
Behavior Inside/Outside gNB Acquired Channel Occupancy
It was briefly discussed in RAN1#98 of whether or not it is useful to enable separate control of CUL transmissions depending on whether or not they are configured to occur within or outside a gNB acquired COT. This discussion started since such a mechanism is specified for feLAA in which C-PDCCH carries an indication of whether or not autonomous UL (equivalent to configured grant in NR) is allowed or not within a gNB acquired COT. If such a mechanism was introduced for NR-U, it would be natural for this to be indicated via GC-PDCCH, and this can be further discussed. It should be noted, however, that GC-PDCCH already has a mechanism for allowing CUL transmissions. That is, GC-PDCCH indicates a set of symbols as ‘U,’ which allows them to proceed. While this may be okay for CUL transmissions such as configured grants, it is not good for CUL transmissions such as SR carried by PUCCH. As described above, it is undesirable for the gNB to have to transmit a signal in the DL only to allow an SR to proceed in the UL. This violates the fundamental nature of a scheduled system.
Another part of the discussion from RAN1#98 was that it was felt that CUL transmissions should be allowed outside the gNB acquired COT without explicit indication by the gNB, e.g., through indication of DCI 2_0.
Given that:
· GC-PDCCH already has a mechanism for enabling CUL transmissions (by indicating ‘U’), and this can be used within a gNB acquired COT, and
· It is commonly viewed that CUL transmissions should be allowed outside the gNB acquired COT (except if they collide with the DBTW), and
· At least SRs carried by PUCCH should always be allowed, both inside and outside a gNB acquired COT (except if they collide with the DBTW)
Then it seems that all that is needed on top of Rel-15 is a mechanism to either turn on or turn off the new behavior agreed in RAN1#98 (with the exception of within the DBTW where the rules in Proposal 10 and Proposal 11 would apply). For this, an RRC parameter to control whether or not the new behavior applies is sufficient. Based on the above discussion, we propose the following
[bookmark: _Toc24135969]Support an RRC parameter to allow CUL transmissions as per the RAN1#98 agreement. The CUL transmissions are allowed except under the conditions stated in Proposal 10 and Proposal 11.
6	SRS Design
In the NR-U WID [1], the following objective is listed related to SRS Design
· SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
which refers to the following candidate enhancements listed in the NR-U TR [3]
The following candidate enhancements have been discussed; design details can be further discussed when specifications are developed:
-	Additional OFDM symbol locations for an SRS resource within a slot other than the last 6 symbols
-	Interlaced waveform
-	Additional flexibility in frequency domain configuration

Based on the guidance provided by RAN in the last plenary meeting, interlaced waveform for SRS has been deprioritized, so will not be considered here further.
One SRS topic that still deserves attention for operation in unlicensed spectrum is the triggering mechanism for SRS in Rel-15. Generally speaking, the use of periodic and semi-persistent reference signals, e.g., SRS in the UL and CSI-RS in the DL, is not well-suited to operation in unlicensed spectrum due to uncertainties in accessing the channel when applying listen-before-talk (LBT). If LBT fails prior to a particular period, then that period must be dropped, thus reducing the utility of these reference signals for their designed purpose to enable channel sounding and tracking. Furthermore, due to the asynchronous nature of channel access, it is fundamentally impossible to pre-configure a periodic/semi-persistent SRS transmission such that each period aligns with a gNB acquired COT in order to make use of Cat1 or Cat2 LBT for SRS.
For this reason, aperiodic triggering of SRS is much better suited to operation in unlicensed bands, as it is easy to align transmissions within a shared COT acquired by the gNB. SRS can be aperiodically triggered for immediate transmission after a short hardware turnaround time in a shared COT. Alternatively, SRS can be time division multiplexed with zero gap after a PUSCH transmission in a shared COT.
[bookmark: _Toc24136049]Aperiodic SRS transmission is most suitable for NR-U.
While SRS is supported already in NR Rel-15, there is room for improvement in the configuration and triggering process that would make them even better suited to operation in unlicensed spectrum. 
In Rel-15, when a set of SRS resources is configured by RRC, a slot offset  is configured as part of the set configuration. Based on this pre-configured offset, if the PDCCH that triggers the aperiodic SRS is transmitted in slot , then the SRS resource(s) in the set are actually transmitted in slot . Since there are only a limited number of DCI codepoints in the 2-bit SRS request field in DCI for triggering SRS resource sets, there are only a limited number of triggering possibilities that can be pre-configured. In unlicensed operation, which is effectively based on dynamic TDD operation, there is no deterministic pattern for which slots/symbols are classified as UL (for which SRS may be transmitted) and which ones are classified as DL. Hence such rigid configuration of slot offsets imposes undesirable constraints on when PDCCH must be transmitted for triggering aperiodic SRS.
We note that such rigid configuration of slot offsets is less flexible than SRS triggering in LTE. In LTE, one may trigger an SRS, and the next available UL opportunity for SRS transmission is used, rather than a specific slot offset with respect to the PDCCH trigger. In our view, for unlicensed operation, it is desirable to re-introduce such LTE-like behaviour for SRS triggering. Introducing this behaviour is quite simple – no change is needed to the RRC configuration of slot offsets. Instead, the specification of UE behaviour is modified such that the UE interprets the slot offset as a lower bound on triggering delay. If this lower bound happens to coincide with a slot/symbols available for UL transmission, then the SRS is transmitted. Otherwise the SRS is transmitted in the next slot/symbols available for UL transmission. Based on this we propose the following:
[bookmark: _Toc1125977][bookmark: _Toc3828151][bookmark: _Toc24135970]For a set of aperiodic SRS resources with slot offset configured as k slots, support SRS transmission in slot n + k + , where n indexes the slot in which the PDCCH containing the SRS trigger is received, and  is the smallest integer larger than 0 such that the OFDM symbols of the SRS resources in the set coincide with OFDM symbols available for UL transmission.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For handling small PUSCH payloads, either of the following approaches may be used to limit the time/frequency resource consumption, and thus provide fine scheduling granularity:
· Type-B PUSCH mappings may be used in combination with one full interlace
· Legacy Rel15 (non-interlace) PUSCH transmission may be configured using Rel-15 resource allocation Type 0/1
Observation 2	Aperiodic SRS transmission is most suitable for NR-U.

Based on the discussion in this paper we make the following proposals:
Proposal 1	The UE can expect the configuration of the FDRA type to be the same for all PUCCH and PUSCH transmissions both prior to and after dedicated configuration. The FDRA type can be either interlaced or contiguous (Type 0/1 as in Rel-15). Whether or not interlaced FDRA type is configured is indicated by the already agreed parameters useInterlacePUCCHCommon-v16, useInterlacePUSCHCommon-v16, useInterlacePUCCHDedicated-v16, and useInterlacePUSCHDedicated-v16.
Proposal 2	For interlaced PF0 and PF1, support the cyclic shift cycling step size Δ=7.
Proposal 3	The agreed formula for cyclic shift hopping is not changed to include the  additional term (1+6*SR). SR is conveyed in the same way as in Rel-15.
Proposal 4	For interlaced PF2, support OCC cycling across PRBs of an interlace to reduce PAPR/CM.
Proposal 5	The OCC index used in PRB i of the interlace is  where n is the index of the initial OCC and .
Proposal 6	For Interlaced PUCCH Format 3, user multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in the time domain followed by mapping over the entire interlace in frequency (analogous to Rel-15 PF4).
Proposal 7	For Interlaced PUCCH Format 3 use the same OCC index to Cyclic Shift index mapping as for Rel-15 PUCCH Format 4.
Proposal 8	For interlaced PF2 and PF3, there are no configuration restrictions on the spacing between the first and second interlaces. Interlace 0 and 1 are freely configurable.
Proposal 9	For operation with shared spectrum channel access, reuse table 9.2.1-1 both for contiguous (Rel-15) mapping and interlace mapping. For interlace mapping, only the table rows with PRB offset 0 are used.
Proposal 10	For PUCCH resource configuration with interlace mapping, support the following text proposal for 38.213 Section 9.2.1 based on the latest CR.
Proposal 11	Support Alt-1 from the RAN1#98 agreement for indicating the interlace allocation for PUSCH for 15 kHz SCS, i.e., X = 10 bits (10-bit bitmap to indicate all possible interlace combinations).
Proposal 12	Support the following:
	For interlaced PUSCH transmission in a BWP, Y = log2() bits of the PUSCH frequency domain resource allocation (FDRA) field are used for indicating which RB sets (corresponding to LBT bandwidths) are allocated to the UE
	This applies to PUSCH of at least the following types
o	PUSCH scheduled by fallback and non-fallback DCI
o	Configured Grant PUSCH Type 2 (FDRA indicated by DCI)
o	Configured Grant PUSCH Type 1 (FDRA configured by RRC)
	A list of RB sets is configured by RRC in which each RB set indicates the RBs available for scheduling, and the Y bits indicate one or more elements in the list
o	Note: In Rel-16, only contiguous RB sets may be allocated
o	Note: The RBs in between the adjacent RB sets constitute an intra-carrier guard
Proposal 13	Any PRACH occasion that overlaps with the discovery burst transmission window (if DRS-WindowLength-r16 is configured) shall be considered invalid.
Proposal 14	The new rule agreed in RAN1#98b does not apply to symbols within the set that overlap the discovery burst transmission window (DBTW), if configured. Instead, CUL transmissions within the DBTW are disallowed both during and after the PUSCH preparation time unless the UE receives a DCI 2_0 (or semi-static TDD configuration) indicating a set of symbols as ‘U.’
Proposal 15	Support an RRC parameter to allow CUL transmissions as per the RAN1#98 agreement. The CUL transmissions are allowed except under the conditions stated in Proposal 10 and Proposal 11.
Proposal 16	For a set of aperiodic SRS resources with slot offset configured as k slots, support SRS transmission in slot n + k + , where n indexes the slot in which the PDCCH containing the SRS trigger is received, and  is the smallest integer larger than 0 such that the OFDM symbols of the SRS resources in the set coincide with OFDM symbols available for UL transmission.
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