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1. [bookmark: _GoBack]Introduction
In RAN1#99 meeting [1], following agreements were made on the structure of UL channels and signals in NR-U. 
	Agreement
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

	Agreement
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
· 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
· 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
· 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
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
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

	Agreement
· 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
· 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
· 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


In this contribution, we discuss on the design of UL channels and signals (e.g. PUSCH, PUCCH, and SRS) for NR-U operation.

2. UL channel structure
This section describes UL channel structure of PUSCH and PUCCH (and SRS) for NR-U considering regulatory requirements in unlicensed spectrum. 

2.1. PUSCH (UL) interlace structure
On the structure of PUSCH resource, PRB-level interlace structure in terms of: 1) the interlace interval or the number of interlaces (M) for a given BW, and 2) the number of RBs (N) per each of interlaces, had been agreed for 15 kHz and 30 kHz SCS. Besides, it was also agreed in RAN1#96 not to support sub-PRB interlace design for PUSCH (and PUCCH). Thus, for the case of 60 kHz SCS, PRB-level interlace can be considered as the PUSCH resource structure as well, and it would be beneficial in terms of UL resource efficiency/ flexibility rather than only allowing wideband contiguous allocation (satisfying OCB requirement) or not supporting PUSCH for 60 kHz SCS at all. 

Proposal #1: Support PRB-level interlace resource structure for NR-U PUSCH with 60 kHz SCS for commonality with other SCSs.
· Where the interlace interval M = 3 PRBs and the number of PRBs per interlace N = 8 based on UL BW of 20MHz.

Furthermore, regarding the agreed UL interlace structure for 20 MHz BW with 15 kHz and 30 kHz SCS, it seemed to be designed by considering OCB requirement with the assumption that the number of RBs is 51 and 106 for 15 kHz and 30 kHz SCS, respectively. On the other hand, considering that BW of the initial UL BWP is the same with that of the CORESET#0 which is configured with 48 RBs for 30 kHz SCS, the agreed UL interlace structure would not satisfy OCB requirement. In this sense, it may need to be discussed how to handle this issue, for example, by only using certain interlace index or defining additional structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12).

Proposal #2: Discuss PRB-level interlace structure for initial UL BWP having the same BW with CORESET#0 of 48 PRBs for 30 kHz SCS considering OCB requirement.
· For an example, use of certain interlace index (e.g. 0, 1, 2) only
· For another example, use of additional interlace structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12)

2.2. PUCCH format and structure
· BWP Less than the 20 MHz carrier bandwidth
In the previous meeting, following FFS point was discussed. 
	· 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)


After further discussions in RAN4, the number of PRBs for guard band will be determined. According to the number of PRBs in guard band, the number of PRBs in BWP might be less than 50 in 30 kHz SCS (or might be less than 100 in 15 kHz SCS). As a result, some interlace indexes may consist of less than 10 PRBs (e.g., 9 PRBs). Regarding on these interlace structures (e.g., interlace structure with 9 PRBs), it cannot satisfy the OCB requirement. Therefore, if the BWP less than 20 MHz carrier bandwidth is allowed, it is desirable to consider whether to support the following scheduling restrictions.
First of all, the interlace structure with less than 10 PRBs can be only used when the temporally 2 MHz OCB requirement is allowed. For example, in the channel occupancy (CO) sharing cases, the interlace structure with less than 10 PRBs can be used for PUCCH resource.
Moreover, in case of enhanced PUCCH format 2, since two interlace indexes can be allocated for each PUCCH resource, only one of these two interlace indexes needs to satisfy the OCB requirement. For example, because the interlace structure with 10 PRBs (or 11 PRBs) is satisfy the OCB requirement, the interlace structure with less than 10 PRBs can be allocated only with interlace structure with 10 PRBs (or 11 PRBs) in single PUCCH resource.
However, in case of enhanced PUCCH format 3, due to DFT process, total number of PRBs in single PUCCH resource should be properly considered. For example, if two interlace indexes are configured for enhanced PUCCH format 3, and if each interlace index consists of 10 PRBs and 9 PRBs, respectively, total number of PRBs in PUCCH resource will be 19, and it is not desirable for DFT process. Therefore, two interlace indexes with 10 PRBs and 9 PRBs each are not suitable for enhanced PUCCH format 3.

Proposal #3: If the interlace structure with less than 10 PRB (e.g. 9 PRB) is allowed for PUCCH resource, some scheduling restrictions would be necessary.

· PUCCH format 2/3 structure for NR-U
Regarding to configuration restrictions when two interlace indexes are configured for enhanced PUCCH format 2/3, following FFS point was discussed in RAN1 #98bis meeting.
	· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces


Many companies prefer the contiguous interlace indexes for above two interlace allocation cases. However, if two interlace indexes are configured contiguously, the maximum available transmit power of UE can be worse than two interlace indexes are configured non-contiguously, because of the PSD regulation. Moreover, if it is allowed that two interlace indexes are configured contiguously, additional operation (e.g., modular operation) for 2nd interlace index may be necessary according to the 1st interlace index. Therefore, we do not prefer to introduce the configuration restriction, and we prefer explicit configuration of 2nd interlace index when two interlaces are configured for enhanced PUCCH format 2/3.

Proposal #4: Support explicit configuration of 2nd interlace index when two interlaces are configured for enhanced PUCCH format 2/3.

Also in previous meeting, following point was agreed and the FFS point was discussed regarding to actually-used number of interlaces when two interlace indexes are configured for enhanced PUCCH format 2/3.
	· 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


Regarding this issue, it is desirable to support following behaviors.
· Case 1: If the number of PRBs of two interlaces are different, the interlace index having larger number of PRBs should be selected for the PUCCH transmission (by not using the other interlace index).
· Case 2: If the number of PRBs of two interlaces are same, the interlace index selected for PUCCH transmission can be the highest interlace index (or the last interlace resource in RRC configuration) between two interlaces.

Proposal #5: When UE should use one full interlace index according to configured maximum code rate and actual UCI payload size, following behaviours need to be supported.
· Case 1: If the number of PRBs of two interlaces are different, the interlace index having larger number of PRBs should be selected for the PUCCH transmission (by not using the other interlace index).
· Case 2: If the number of PRBs of two interlaces are same, the interlace index selected for PUCCH transmission can be the highest interlace index (or the last interlace resource in RRC configuration) between two interlaces.

Regarding to pre-DFT OCC of enhanced PUCCH format 3, following FFS point was discussed in previous meeting as well.
	· 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


Because of analogous to PUCCH format 4 in Rel-15 NR, we prefer block-wise repetition in time domain followed by mapping over whole interlace in frequency, i.e., Alt 1. Moreover, the paring between OCC index for UCI symbol and initial cyclic shift value for DMRS symbol should be same as PUCCH format 4 in Rel-15 NR.

Proposal #6: Support followings for enhanced PUCCH format 3.
· User multiplexing for the UCI is based on the application of pre-DFT OCC with Block-wise repetition in time domain followed by mapping over whole interlace in frequency. (Alt. 1 in RAN1 #98b)
· Paring between OCC index for UCI symbol and initial cyclic shift value for DMRS symbol should be same as PUCCH format 4 in Rel-15 NR.

· PUCCH format 0/1 sequence structure for NR-U
In RAN1 #98 meeting, the cycling of cyclic shifts across PRBs of the interlace was agreed for the enhanced PUCCH format 0/1 in NR-U, and in RAN1 #98b meeting, the increased cyclic shift ordering was agreed. But, the step size ∆ is still FFS. Table 1 and Table 2 provide the cyclic shift patterns showing PAPR and CM performances when the step size ∆ is one of {1, 5, 7, 11} for both 15 kHz and 30 kHz subcarrier spacing in case of interlace with 10 PRBs and interlace with 11 PRBs, respectively. 
Table 1. Cyclic shift patterns and its PAPR/CM results (with 10 PRBs)
[image: ]
Table 2. Cyclic shift patterns and its PAPR/CM results (with 11 PRBs)
[image: ]

Above all four candidates for the step size ∆ are reasonable. But, in previous meeting, we agreed the step size ∆ is selected based on the minimizing the 95th percentile CM. According to Table. 1 and Table. 2, in case the step size ∆ is 5, the performance of CM is better than others (e.g., from 0.02 dB to 0.1 dB). Therefore, preferable step size ∆ is 5.

Proposal #7: Support step size ∆ = 5 for CS cycling across interlaced PRBs for enhanced PUCCH format 0/1 for NR-U.

Moreover, we have two more FFS points regarding to step size ∆ for enhanced PUCCH format 0/1 as follows.
	· 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)


For the first FFS point, it is beneficial to increase the UE multiplexing capacity by providing the SR information in different cyclic shift pattern. By the way, to guarantee reliable HARQ-ACK performance between HARQ-ACK only transmission and HARQ-ACK+SR transmission with this scheme, performance loss in the latter case need to be considered/handled (e.g. by increasing PUCCH transmission power) due to CS collision in some of PRBs. 
On the other hand, by using this proposal, if UE may miss the DCI scheduling the 2nd TB, NACK-to-ACK (i.e., DTX-to-ACK) error can occur. Therefore, we can discuss further which information can be applied to different cyclic shift pattern between the SR information and ACK/NACK information (e.g. for 2nd TB).
For the second FFS point, it has problem that different UEs can use the same cyclic shift patterns for PUCCH transmission in some configuration, as shown in Figure 1. 
[image: ]
Figure 1. An example of cyclic shift pattern for different UE.
In this example, we assume two UEs are multiplexed, and the step size ∆ is 5, and 1bit A/N + SR case is considered, and initial cyclic shift values are same as PUCCH format 0 in Rel-15 NR. According to Figure 1, the cyclic shift pattern of {NACK + negative SR} for UE1 is exactly same as the cyclic shift pattern of {ACK + positive SR} for UE2, and the cyclic shift pattern of {ACK + negative SR} for UE1 is also exactly same as the cyclic shift pattern of {NACK + positive SR} for UE2. Therefore, if the second FFS point is supported for enhanced PUCCH format 0/1, the UE multiplexing gain may not only be significant, but the A/N detection performance may also be poor.

· Initial PUCCH resource set for NR-U
Moreover, considering to composite the initial PUCCH resource set (used before dedicated PUCCH configuration) with the interlaced PUCCH format 0/1 structure, some aspects may need to be modified from the current Rel-15 NR. In particular, since size of a single PUCCH resource is increased (almost 10 times) compared to NR and RB mapping of a single PUCCH resource is distributed over entire BW, it can be consider not to use cell-specific PRB offset (provided via RMSI) to configure PUCCH resource region and/or frequency hopping direction (indicated by DCI) for PUCCH transmission. 

For an example, considering not to use both cell-specific PRB offset and frequency hopping direction, firstly, the initial PUCCH resource sets can be defined as the following Table 3.

Table 3. Example of initial PUCCH resource sets for NR-U (total 8 sets)
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Based on the above Table 3, one of 8 PUCCH resource sets can be indicated by 3-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 3/5/7,
A. One of 16 combinations by {4 interlace index (e.g. 0, 1, 2, 3), 4 CS values} is indicated.
(b) For the PUCCH resource set by RMSI value of 2/4/6,
A. One of 16 combinations by {4 interlace index, 2 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(c) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {4 interlace index, 2 or 3 CS values, 2 starting symbols (e.g. index 12, 9} is indicated.
For another example, considering not to use frequency hopping direction but still use cell-specific PRB (interlace) offset, firstly, the initial PUCCH resource sets can be defined as the following Table 4.

Table 4. Example of initial PUCCH resource sets for NR-U (total 16 sets)
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Based on the above Table 4, one of 16 PUCCH resource sets can be indicated by 4-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 6/7/10/11/14/15,
A. One of 16 combinations by {2 interlace index (e.g. 0, 1), 4 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(b) For the PUCCH resource set by RMSI value of 8/9/12/13,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 OCC index (e.g. 0, 1, 2, 3)} is indicated.
(c) For the PUCCH resource set by RMSI value of 4/5,
A. One of 16 combinations by {2 interlace index, 2 CS values, 2 OCC index, 2 starting symbols (e.g. index 10, 5)} is indicated.
(d) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 starting symbols (e.g. index 12, 9, 6, 3)} is indicated.
(e) For the PUCCH resource set by RMSI value of 2/3,
A. One of 16 combinations by {2 interlace index, 3 CS values, 3 starting symbols (e.g. index 12, 9, 6)} is indicated.

Proposal #8: Discuss defining initial PUCCH resource sets (used by UE before dedicated PUCCH configuration) for NR-U, with consideration of interlaced PUCCH resource structure.
· For an example, decide whether to support cell-specific PRB offset
· For another example, decide whether frequency hopping is necessary

2.3. SRS transmission structure
On the support of SRS transmission for NR-U, block-interlace based structure may be beneficial with consideration of some (unlicensed band-specific) regulations in terms of PSD limitation and OCB requirement. In addition, considering multi-UE multiplexing in a same interlace resource, a set of cyclic shift value and/or transmission comb could be used for generation of the SRS sequence. In this case, the following aspects need to be considered in the design of SRS transmission for NR-U.

1) Multiplexing with PUCCH or PUSCH
2) Multi-symbol SRS with LBT operation
3) Frequency hopping of SRS transmission 

Regarding the multi-symbol SRS transmission based on LBT operation, it may be required to consider the case when the LBT (then CCA) is failed for the first symbol of the SRS. In this case, some handing or UE behavior may need to be decided, for example, symbol-level (gradual) dropping or symbol shifting/cycling (without dropping). Besides, regarding the frequency hopping of SRS transmission, it may be necessary to discuss on the hopping BW of SRS transmission and LBT operation during SRS hopping. For example, configuring single LBT-SB as the transmission BW of SRS, the SRS hopping can be done across multiple different LBT-SB, and LBT gap can be provided between the hopping.

Proposal #9: Consider the following aspects for the support of SRS transmission in NR-U.
· Multiplexing with PUCCH or PUSCH
· Multi-symbol SRS with LBT operation
· Frequency hopping of SRS transmission

3. UL resource allocation 
This section describes resource allocation scheme(s) in time/frequency domain for block-interlace based UL transmission (e.g., PUSCH or PUCCH).

3.1. Frequency domain
In LTE eLAA, frequency resource allocation in interlace units is defined according to the regulations in the unlicensed band that occupy more than 80% of the system bandwidth. Similarly to LTE eLAA, it is also possible to consider allocating frequency resources on an interlace basis in a frequency resource allocation scheme for PUSCH (or PUCCH) for NR-U operation. However, in recent regulations on unlicensed bands, even if 80% of system bandwidth is not occupied, temporary transmission of the signal is allowed if the transmission band of the signal is 2 MHz or more. Therefore, in NR-U operation, it is possible to consider fine granularity support for resource allocation in frequency domain compared to LTE eLAA. Particularly, the fine granularity is advantageous in supporting various TBSs according to the standalone NR-U operation. One way is to allocate consecutive RBs in VRB domain and apply VRB-to-PRB mapping which maps consecutive VRBs to PRBs on the block-interlace resource(s) in PRB domain as shown in Figure 2. It should be noted that the actual data mapping can be done by frequency-first manner to keep low PAPR/CM property of (block-interlaced) DFT-s-OFDM waveform.
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Figure 2. Example of resource allocation in frequency domain: VRB-to-PRB mapping

Additionally, it seems necessary to consider resource allocation method in order to cope with the case where UEs having different maximum BW RF capabilities coexist for the same carrier (or bandwidth part). For instance, the entire UL transmission band can be divided into multiple (LBT) sub-bands, and consecutive (and/or non-consecutive) sub-band index(s) may be selected (based on proper (e.g. RIV or bitmap) signaling) in the sub-band index domain for UL transmission as shown in Figure 3.
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Figure 3. Example of resource allocation in frequency domain: hierarchical allocation

Proposal #10: Consider to support the following aspects for UL frequency resource allocation in NR-U based on the regulations.
· Dynamic switching between interlaced resource allocation type and contiguous resource allocation type by UL grant DCI. 
· Allocation of consecutive (and/or non-consecutive) LBT sub-bands.

In previous meeting, some agreements on frequency domain resource allocation methods for PUSCH transmission within one LBT sub-band were made. However, following two alternatives are still remained as FFS for 15 kHz SCS case:
· 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

Regarding to Alt-1, the 10-bit bitmap scheme has advantage on full-flexibility in terms of interlace allocation, but it occurs large DCI overhead. Meanwhile, regarding to Alt-2, although this scheme could not schedule PUSCH resource with full-flexibility, 64 states (i.e., 6 bits) would be sufficient to schedule PUSCH with PAPR/CM-friendly interlace combinations, and it can also reduce the DCI payload size. Besides, since same resource allocation scheme was already specified in LTE eLAA based on long discussions, it is preferred to support Alt-2 where, to be specific, RIV values from 0 to 54 indicate start interlace index and number of consecutive interlace indexes, and RIV values from 55 to 63 indicate the special combinations of interlace indexes as shown in Table 5, as the table 8.1.4-1 in 36.213 [2].
Table. 5 interlace indexes for RIV ≥ 55
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Proposal #11: Frequency domain PUSCH resource allocation (within one LBT sub-band) by using 6 bits is supported for 15 kHz SCS. 
· RIV values from 0 to 54 indicate start interlace index and number of consecutive interlace indexes.
· RIV values from 55 to 63 indicate the special combinations of interlace indexes as shown in Table 5.

In NR-U, both PRB level allocation (same as Rel-15 NR) and interlace level allocation are supported for PUSCH scheduling. Because of these different resource allocation types, UEs may need to know what kind of resource allocation type is used for PUSCH transmission before RRC connection (e.g., for the transmission of Msg3 PUSCH or MsgA PUSCH). Therefore, it is necessary to discuss regarding this issue, and following examples could be considered as simple solutions. For example, gNB can configure exact resource allocation type used for PUSCH transmission before RRC connection (e.g., via SIB or RAR message) between PRB level allocation and PRB interlace allocation . For another example, the default resource allocation type for PUSCH transmission used before RRC connection is pre-defined, and UE would use the default type if a specific resource allocation type is not configured by gNB (e.g., via SIB or RAR message).

Furthermore (similarly with NR), considering different BW capability and/or different BWP size between UEs, it is required to consider carrier BW which may be derived from a reference RB point (i.e., “Point A” defined in NR) on top of UL active BWP, for resource definition/allocation in frequency domain. For example, assuming that carrier BW (e.g. 80 MHz) is larger than the BW of UL active BWP for a UE (e.g. 40 MHz), first of all, the RB interlaces (in terms of grouping of the RB indexes belonging to a same interlace, indexing of each interlace based on the grouping) can be defined based on the carrier BW. Given that, the available RBs in each of the interlaces for the UE can be determined as the RBs belonging to the UL active BWP, and then actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP (e.g. single LBT-SB of 20 MHz) based on the above resource allocation approach. Besides, in this structure, it may necessary to consider how to randomize DMRS sequence parameter/scrambling.

Proposal #12: Support hierarchical BW structure as the following to support block-interlace based UL resource allocation for the UEs with different BW capability.
· RB interlaces (in terms of RB grouping per interlace and indexing of each interlace) is defined based on the carrier BW.
· Available RBs in each of the interlaces for the UE is determined as the RBs belonging to the UL active BWP.
· Actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP.

Based on the above structure, considering wideband UL BWP consisting of multiple LBT-SBs, interlace resource allocation could be different between PUSCH and PUCCH. In case of PUSCH, a PUSCH can be scheduled to be transmitted on a LBT-SB or over multiple LBT-SBs according to some parameters such as TBS. In case of PUCCH, a PUCCH can be scheduled to be transmitted one of multiple candidate LBT-SBs based on the (simultaneous) LBT operation for the multiple LBT-SBs. For the PUCCH, allocation of the multiple candidate LBT-SBs may need to be considered, for example, indicating an interlace index and valid LBT-SB index for the interlace. 

Moreover, regarding the operation in wideband UL BWP consisting of multiple LBT-SBs, partial interlace allocation (including the use of guard band) needs to decided according to whether multiple contiguous LBT sub-bands are allocated for UL transmission. For example, gNB could configure the PRB range of each LBT-SB (excluding guard band) belonging to the UL BWP. Given that, if gNB indicates only one LBT-SB or multiple non-contiguous LBT-SBs to UE for UL transmission, UE would only use the configured PRB range for each of the indicated LBT-SBs for UL transmission. On the other hand, if gNB indicates multiple contiguous LBT-SBs to UE for UL transmission, UE could additionally use the guard band (originally not configured in any PRB range) between the configured PRB ranges for the indicated LBT-SBs for UL transmission.

Proposal #13: Support following partial interlace allocation for wideband UL BWP operation.
· PRB range of each LBT-SB (excluding guard band) is configured by gNB.
· If one LBT-SB or multiple non-contiguous LBT-SBs are indicated, UE only uses the configured PRB range for each of the indicated LBT-SBs for UL transmission.
· If multiple contiguous LBT-SBs are indicated, UE could additionally use the guard band (originally not configured in any PRB range) between the configured PRB ranges for the indicated LBT-SBs for UL transmission.

In addition, considering different transmission BW and UE multiplexing between PUSCH and PUCCH, the DMRS parameter including the sequence length could be different between PUSCH and PUCCH. In case of PUSCH, for example, DMRS sequence length can be determined based on the amount of allocated interlaces and/or the number of allocated LBT-SBs. 
Moreover, in case when structure of unit resource is differently defined between PUSCH/PUCCH and PRACH, the frequency resources allocated for PUSCH/PUCCH and the resources reserved for PRACH might be overlapped in a same (RACH) slot. In this case, to protect potential PRACH transmission from certain UEs for the purpose of initial access, it can be consider to apply puncturing PUSCH/PUCCH signals in RB level or in RB-interlace level. 

4. Remaining issue for UL transmission
· RRC parameters for resource allocation type
In RAN1 #98b meeting, we discussed and agreed several RRC parameters to indicate which resource allocation type can be applied to UL transmission whether contiguous or interlaced mapping. Also, it is FFS that the UE can expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration. This idea is reasonable because the gNB can identify the area in which it is installed, and it can semi-statically configure the resource allocation type based on the region specific. 
Therefore, it may be desirable to introduce the 1 bit parameter via SIB configuration indicating interlaced or contiguous mapping which is applied commonly for both PUSCH and PUCCH. For example, if the 1 bit parameter indicates the contiguous mapping, UE should transmit the PUSCH/PUCCH by contiguous mapping, and if the 1 bit parameter indicates the interlaced mapping, UE should transmit the PUSCH/PUCCH by contiguous mapping.

Proposal #14: Support 1-bit parameter via SIB configuration indicating contiguous or interlaced mapping which is applied commonly for both PUSCH and PUCCH.

· PHR transmission for DG PUSCH
There is an ambiguity of either actual or virtual PHR for DG PUSCH in NR-U cell, when PUSCH transmission in another cell carries PHR for that NR-U cell. Therefore, similarly to LTE eLAA, it is desirable to support the actual PHR is reported for the PUSCH in NR-U cell scheduled by dynamic grant, regardless of LBT success or failure for the PUSCH.

Proposal #15: The actual PHR is reported for the PUSCH in NR-U cell scheduled by dynamic grant, regardless of LBT success or failure for the PUSCH.

· LBT type indication in RAR
In the RAN1 #97 meeting, we agreed that LBT category for Msg. 3 PUSCH transmission is provided to the UE in RAR.
If the bit field size of indication of LBT category is 1, 1 bit reserved field in RAR can be used. Moreover, the frequency domain resource allocation for Msg. 3 PUSCH is by UL resource allocation type 1 or by interlaced mapping for NR-U operation. Since the number of PRB of 20 MHz LBT sub-band is 106 for 15 kHz SCS, and the number of bits for UL resource allocation type 1 for 15 kHz SCS will be 13. Therefore, PUSCH frequency resource allocation field has 1 remaining bit (i.e., MSB 1bit). So, the LBT category for Msg. 3 PUSCH transmission can be provided in the MSB 1bit of PUSCH frequency resource allocation field.
If the bit field size of indication of LBT category is larger than 1, for example 2 bits, the combination of above 2 bits can be also considered.

5. Conclusion
In this contribution, we discussed on the design of PUSCH/PUCCH and SRS for NR-U operation, and the followings are proposed.

Proposal #1: Support PRB-level interlace resource structure for NR-U PUSCH with 60 kHz SCS for commonality with other SCSs.
· Where the interlace interval M = 3 PRBs and the number of PRBs per interlace N = 8 based on UL BW of 20MHz.
Proposal #2: Discuss PRB-level interlace structure for initial UL BWP having the same BW with CORESET#0 of 48 PRBs for 30 kHz SCS considering OCB requirement.
· For an example, use of certain interlace index (e.g. 0, 1, 2) only
· For another example, use of additional interlace structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12)
Proposal #3: If the interlace structure with less than 10 PRB (e.g. 9 PRB) is allowed for PUCCH resource, some scheduling restrictions would be necessary.
Proposal #4: Support explicit configuration of 2nd interlace index when two interlaces are configured for enhanced PUCCH format 2/3.
Proposal #5: When UE should use one full interlace index according to configured maximum code rate and actual UCI payload size, following behaviours need to be supported.
· Case 1: If the number of PRBs of two interlaces are different, the interlace index having larger number of PRBs should be selected for the PUCCH transmission (by not using the other interlace index).
· Case 2: If the number of PRBs of two interlaces are same, the interlace index selected for PUCCH transmission can be the highest interlace index (or the last interlace resource in RRC configuration) between two interlaces.
Proposal #6: Support followings for enhanced PUCCH format 3.
· User multiplexing for the UCI is based on the application of pre-DFT OCC with Block-wise repetition in time domain followed by mapping over whole interlace in frequency. (Alt. 1 in RAN1 #98b)
· Paring between OCC index for UCI symbol and initial cyclic shift value for DMRS symbol should be same as PUCCH format 4 in Rel-15 NR.
Proposal #7: Support step size ∆ = 5 for CS cycling across interlaced PRBs for enhanced PUCCH format 0/1 for NR-U.
Proposal #8: Discuss defining initial PUCCH resource sets (used by UE before dedicated PUCCH configuration) for NR-U, with consideration of interlaced PUCCH resource structure.
· For an example, decide whether to support cell-specific PRB offset
· For another example, decide whether frequency hopping is necessary
Proposal #9: Consider the following aspects for the support of SRS transmission in NR-U.
· Multiplexing with PUCCH or PUSCH
· Multi-symbol SRS with LBT operation
· Frequency hopping of SRS transmission
Proposal #10: Consider to support the following aspects for UL frequency resource allocation in NR-U based on the regulations.
· Dynamic switching between interlaced resource allocation type and contiguous resource allocation type by UL grant DCI. 
· Allocation of consecutive (and/or non-consecutive) LBT sub-bands.
Proposal #11: Frequency domain PUSCH resource allocation (within one LBT sub-band) by using 6 bits is supported for 15 kHz SCS. 
· RIV values from 0 to 54 indicate start interlace index and number of consecutive interlace indexes.
· RIV values from 55 to 63 indicate the special combinations of interlace indexes as shown in Table 5.
Proposal #12: Support hierarchical BW structure as the following to support block-interlace based UL resource allocation for the UEs with different BW capability.
· RB interlaces (in terms of RB grouping per interlace and indexing of each interlace) is defined based on the carrier BW.
· Available RBs in each of the interlaces for the UE is determined as the RBs belonging to the UL active BWP.
· Actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP.
Proposal #13: Support following partial interlace allocation for wideband UL BWP operation.
· PRB range of each LBT-SB (excluding guard band) is configured by gNB.
· If one LBT-SB or multiple non-contiguous LBT-SBs are indicated, UE only uses the configured PRB range for each of the indicated LBT-SBs for UL transmission.
· If multiple contiguous LBT-SBs are indicated, UE could additionally use the guard band (originally not configured in any PRB range) between the configured PRB ranges for the indicated LBT-SBs for UL transmission.
Proposal #14: Support 1-bit parameter via SIB configuration indicating contiguous or interlaced mapping which is applied commonly for both PUSCH and PUCCH.
Proposal #15: The actual PHR is reported for the PUSCH in NR-U cell scheduled by dynamic grant, regardless of LBT success or failure for the PUSCH.
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M0+Mcs= 0 0 6 6 1 1 7 7

i0= 0 1 0 1 0 1 0 1
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RMSI value  PUCCH format  Starting symbol  Number of symbols  Initial CS index set  

0  0  12  2  {0, 3}  

1  0  12  2  {0, 4, 8}  

2  1  10  4  {0, 6}  

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

4  1  4  10  {0, 6}  

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

6  1  0  14  {0, 6}  

7  1  0  14  {0, 3, 6, 9}  
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RMSI value  PUCCH format  Starting  symbol  Number of  symbols  Initial CS  index set  Cell - specific  interlace offset  

0  0  12  2  {0, 3}  0  

1  0  12  2  {0, 3}  2  

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

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

4  1  10  4  {0, 6}  0  

5  1  10  4  {0, 6}  2  

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

7  1  10  4  {0, 3, 6, 9}  2  

8  1  4  10  {0, 6}  0  

9  1  4  10  {0, 6}  2  

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

11  1  4  10  {0, 3, 6, 9}  2  

12  1  0  14  {0, 6}  0  

13  1  0  14  {0, 6}  2  

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

15  1  0  14  {0, 3, 6, 9}  2  
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RIV  Interlace indexes  

55  {0, 5}  

56  {0, 1, 5, 6 }  

57  { 1 ,  6 }  

5 8  { 1,   2, 3, 4, 6, 7, 8, 9 }  

5 9  { 2 ,  7 }  

60  { 2, 3, 4, 7, 8, 9}  

61  { 3 ,  8 }  

62  { 4 ,  9 }  

63  Reserved  

 


image1.emf
PAPR (dB) CM (dB) PAPR (dB) CM (dB)

1 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] 3.540 1.568 3.540 1.569

5 [0, 5, 10, 3, 8, 1, 6, 11, 4, 9] 3.567 1.489 3.571 1.488

7 [0, 7, 2, 9, 4, 11, 6, 1, 8, 3] 3.578 1.509 3.578 1.517

11 [0, 11, 10, 9, 8, 7, 6, 5, 4, 3] 3.523 1.549 3.527 1.557

∆

Starting CS value for each PRB

15 kHz 30 kHz


image2.emf
PAPR (dB) CM (dB)PAPR (dB)CM (dB)

1 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10] 3.350 1.412 3.352 1.413

5 [0, 5, 10, 3, 8, 1, 6, 11, 4, 9, 2] 3.356 1.316 3.352 1.328

7 [0, 7, 2, 9, 4, 11, 6, 1, 8, 3, 10] 3.354 1.336 3.350 1.341

11 [0, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2] 3.344 1.388 3.346 1.395

∆

Starting CS value for each PRB

15 kHz 30 kHz


