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Introduction
Uplink transmission of LBT sub-bands within a wideband BWP has been a point of confusion.  In particular, it has been agreed to study only the case of uplink transmission when all scheduled PUSCH sub-bands pass LBT CCA successfully.  However, it is not fully clear whether these scheduled sub-bands are allowed to be non-contiguous or must be always contiguous.  At the same time, there is disagreement among companies about emission requirements in the case of non-contiguous sub-bands within a BWP and even on basic feasibility.  It is proposed in this contribution that RAN4 prioritizes and defines requirements at this time only for the case of contiguous sub-band uplink transmission.
Discussion
During the NR-U ad-hoc session of RAN4 #92 [1], there was a discussion on the relationship between  the prioritization guidance agreed in RAN plenary [2] for “Alt 1 (all-or-nothing)” uplink transmission and the  single wideband carrier operation previously discussed in RAN4, i.e., from [3] that pertains to modes of operation where contiguous or non-contiguous LBT sub-bands transmission is discussed.  It was proposed that the two are not necessarily the same since the “Alt 1” referred to in RAN prioritization relates to scheduled RB’s and sub-bands
[bookmark: _Hlk17929598]From [4], “Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.”

On the other hand, the modes for contiguous and non-contiguous transmission of LBT sub-bands refers to transmission of sub-bands conditioned on LBT CCA outcome.
From [3],
Modes of single wideband carrier operation: 
· Single wideband carrier when LBT is successful in all LBT sub-bands
· Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous  
· Single wideband carrier when LBT is not successful in one of the LBT sub-bands inside the wideband carrier
It is clear that only the first mode from [3] is applicable for uplink based on RAN prioritization.  However, what is not fully clear is whether uplink transmission is limited to contiguous sub-bands or is also allowed for non-contiguous sub-bands.  The tentative agreement from [1] is that uplink of both contiguous and non-contiguous sub-bands is included and allowed by RAN prioritization so long as all sub-bands pass LBT since there is no restriction forbidding non-contiguous sub-bands to be scheduled.  However, this conclusion was challenged by at least one company who interpreted the RAN prioritization guidance as limited to uplink only in contiguous LBT sub-bands.
The discussion in RAN1 on PUSCH resource allocation is not completed yet.  According to RAN1 feature lead summary on UL signals and channels [5], the discussion so far is focused on resource allocation within a 20 MHz sub-band.  
Offline consensus
· 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 three alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support 6 < X < 10 to restrict the interlace combinations that can be indicated. It is TBD which interlace combinations shall be supported which will determine X.
· Alt-3: 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
However, there has been no discussion so far on resource allocation across LBT sub-bands and in particular, whether such assignments can be non-contiguous or are restricted to be contiguous.  If a bit-map approach is used, then in theory, the assignment can stretch across non-contiguous sub-bands.  However, if a RIV-based approach is used, then the assignment is restricted to contiguous sub-bands.
Observation:  RAN1 has not agreed on a resource allocation approach for transmission of PUSCH across multiple sub-bands yet.
Furthermore, while there is non-contiguous RB allocation within a sub-band with the interlaced waveform, there have not been any requests or proposals in RAN1 to support non-contiguous sub-band PUSCH scheduling.
In RAN4, there is not yet an agreement on the emission requirements for uplink NR-U; in particular, there has been discussion but no agreement on how to specify the requirements in case of non-contiguous sub-bands.  One proposal is to adopt a requirement similar to preamble puncturing mask of IEEE 802.11ax whereas another proposal is to adopt a requirement similar to the ETSI EN 301 893 mask even between sub-bands within a single BWP.  An LS to ETSI BRAN [6] was sent seeking clarification on the applicability of the ETSI mask, but a response has not yet been received.
Observation:  RAN4 has not agreed upon an emission mask for NR-U yet.  One point of contention is the emission requirement that applies within a wideband BWP with an unallocated sub-band located between two allocated sub-bands.
Moreover, an LS was previously sent to RAN1 [7] to confirm feasibility of downlink with non-contiguous LBT sub-bands only in the case that emission requirements are WiFi-like (e.g. 20 dBr); the feasibility of meeting other more stringent emission requirements was FFS.  For the uplink, a similar proposal was made [8] to limit feasibility only to contiguous sub-bands with emission requirements similar to WiFi but was not agreed.  It is clear that there are differing views and further study needed before agreement can be reached on emission requirements and even basic feasibility for the case of non-contiguous sub-band transmissions.
Observation:  Further study is needed to even confirm basic feasibility for non-contiguous transmissions where emission requirements are more stringent than WiFi-like.  This is applicable for both uplink and downlink.
Given the uncertainty both in RAN1 and RAN4 as well as regulatory bodies surrounding the need for and requirements applicable to non-contiguous sub-band uplink transmission and also recognizing the completion schedule of the NR-U work item, it is proposed to prioritize study and requirements definition for contiguous sub-band transmission only.  Requirements for non-contiguous sub-bands can be added in the future if needed.
Proposal:  Prioritize study and requirements definition for uplink of contiguous sub-band transmission only, and only when all scheduled sub-bands pass LBT CCA successfully.  An LS is sent to RAN1 to inform them of RAN4’s agreement.
A corresponding LS is provided in [1] for consideration.
Conclusion
It is recognized that RAN plenary guidance on Alt 1. (all-or-nothing) transmission relates to scheduled PUSCH resources.  However, it is unclear whether the scheduled PUSCH resources can span across non-contiguous sub-bands within the BWP or whether they must be contiguous.  RAN1 has not yet completed the resource allocation definition for PUSCH across multiple sub-bands and in fact, there is little to no motivation received so far for non-contiguous sub-bands.  RAN4 has not yet decided on emission requirements in the case of non-contiguous sub-bands within the BWP and has not even agreed on basic feasibility for such cases depending on the emission requirements.  Due to the lack of clarity and the need for further study, yet at the same time recognizing the time constraint in completing the work item, it is proposed to prioritize the case of contiguous uplink sub-band transmission and to defer study of non-contiguous sub-band uplink transmission.
Reference
[1] [bookmark: _Hlk859252]R4-1910533, “Meeting minutes for NR-U,” Qualcomm Incorporated
[2] RP-191581, “Guidance on essential functionality for NR-U,” Qualcomm
[3] R4-1905206, “NR-U Ad Hoc minutes,” Ericsson
[4] R4-1905309, “LS on UL wideband operation for NR-U,” RAN1
[5] R1-1909729, “Feature lead summary for UL Signals and Channels,” Ericsson
[6] R4-1907850, “LS to ETSI TC BRAN on Interpretations of EN 301 893 for NR-U,” RAN4
[7] R4-1905209, “LS reply on wideband carrier operation in NR-U,” RAN4
[8] R4-1906422, “[draft] LS on UL wideband operation for NR-U,” Nokia
[9] R4-1912491, “[Draft] LS on UL wideband operation for NR-U,” Qualcomm Incorporated

1

2

