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1	Introduction
This document is for the purposes of NR-U maintenance under the wideband operation agenda item.
[bookmark: _Ref178064866]2	Intra-Cell Guard Band and RB-Set Configuration
In 38.214 Section 7, RB sets are defined in relation to the configured intra-cell guard bands. There are some square brackets in this text that need to be resolved depending on RAN2 and RAN4 input. Some of these issues are discussed in Section 2.2 of this paper. In Section 2.1 we discuss some corrections and improvements to the existing text (not in square brackets) that can and should be done even before RAN2 and RAN4 finalize their work.
2.1	Corrections to Existing Text
Generally, the current text in Section 7 is difficult to parse. Since this text needs to be referenced from other specifications (RAN1, RAN2, and RAN4), it should be clear and precise. One aspect that needs to be corrected is that there should be a differentiation between downlink and uplink since the number of RB sets can be different in each case. Another aspect is that reusing the same index (s) for guard bands and RB sets creates an ambiguity, since fundamentally there is one more RB set than the number of guard bands. Furthermore, the ending CRB index of the highest indexed RB set is incorrect in the current text.
Another aspect that is not clearly described is the case when no guard bands are configured, for which there is only a single RB set that spans the whole BWP. This is important to capture, for example, for PUCCH described in 38.213 where the RRC parameter rb-SetIndex indicates to which RB-Set a PUCCH resource is configured. For the case when no guard-bands are configured, e.g., a 20 MHz carrier, this is currently undefined since the parameter is always present if interlacing is configured. Capturing the single RB set per cell scenario is also important for the proper definition of the RRC parameter availableRB-SetPerCell, where a bitmap in DCI 2_0 indicates which RB sets are available/not available for PDCCH monitoring. This bitmap covers the case of both single and multiple RB sets per cell. Rather than modifying all places in all specifications where RB sets are described to have special handling to cover the case when no guard bands are configured, it is simpler to just define a single RB set that spans the whole carrier and has index 0. Then all carrier bandwidths are handled in a unified way.
Another issue that needs to be clarified is whether or not the index of RB sets within a BWP shares the same common indexing as on a carrier. For example, if a carrier contains 4 RB sets indexed as r = 0, 1, 2, 3, and the BWP spans RB sets r = 2, 3, should the RB sets within the BWP be indexed as 2, 3 or should the indexing restart at 0 analogous to PRB indexing within a BWP? In 38.214 Section 6.1.2.2.3 that describes UL resource allocation Type 2, the latter seems to assumed but is not clear. In 38.213, Section 9.2.1 where rb-SetIndex indicates to which RB-Set a PUCCH resource is configured, it is not clear what indexing convention is used. In our view, the RB sets within a BWP should be indexed starting at 0, analogous to PRB indexing within a BWP.
[bookmark: _Toc32597500]Correct the RB Set definition in 38.214 Section 7 to differentiate between DL and UL carriers, remove ambiguities in the indexing between guard bands and RB sets, as well as capture the case where no guard bands are configured for a carrier by specifying a single RB set with index 0. Adopt the convention that RB sets within a BWP are indexed starting at 0, analogous to PRB indexing with a BWP. TP1 implements this Proposal.
By differentiating the number of RB sets in the uplink and downlink, it is necessary to correct 38.214 Section 6.1.2.2.3 that describes UL resource allocation Type 2 (interlaced RA) to account for the number of RB sets in the UL BWP. It is also necessary to clarify the indexing convention used for RB sets within a BWP.
[bookmark: _Toc32597501]Correct the expression used for number of RB sets in 38.214 Section 6.1.2.2.3 to account for the number of RB sets in the uplink BWP. TP2 implements this proposal.
>>> Text Proposal TP1 for 38.214, Section 7 >>>
[bookmark: _Toc29673232][bookmark: _Toc29673373][bookmark: _Toc29674366]7	UE procedures for transmitting and receiving on a carrier with intra-cell guard bands
For operation with shared spectrum channel access, when the a UE is can be configured with intra-cell guard band(s) by any of intraCellGuardBandUL-r16 for an UL carrier and intraCellGuardBandDL-r16 for a DL carrier., the UE is provided with   intra-cell guard bands on a carrier, each defined by start and end CRB,  and  , respectively. The intra-cell guard bands separate  RB-sets, each defined by start and end CRB, and  , respectively.  UE determines ,   , and the remaining start and end CRBs as  and .
An intra-cell guard band is defined by a start CRB index and an end CRB index,  and , respectively, where  indexes the guard band(s), and the subscript is set to DL and UL for downlink and uplink, respectively. The intra-cell guard bands define  resource block sets (RB sets) in increasing order of CRB indices, each defined by a start CRB index given by

and an ending CRB index given by

where  is a common RB set index within the carrier.
When the UE is not configured with intraCellGuardBandUL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. When the UE is not configured with intraCellGuardBandDL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. 
For a carrier with intra-carrier guard band(s), the UE does not expect to receive a BWP configuration by BWP-Downlink or BWP-Uplink partially overlapping with an RB-set. RB-sets within a BWP form a set  of cardinality  . A BWP contains a set of contiguous RB-sets indexed by  where  is the number of RB sets contained in the BWP, and  is the common RB set index of the first RB set in the BWP. The common RB set index within a carrier and RB set index within a BWP are related by  .
[The configuration of intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 can indicate to the UE that no intra-cell guard-bands are configured.] If no intra-cell guard bands are configured, the carrier contains a single RB set with start and end CRB indices of the given by the above expressions with RB set index  and number of RB sets .
>>> End Text Proposal >>>

>>> Text Proposal TP2 for 38.214, Section 6.1.2.2.3 >>>
*** Unchanged text omitted ***
For both µ=0 and µ=1,  bits in the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (RIVRBset). For   ,  the resource indication value corresponds to the starting RB set () and the number of contiguous RB sets . The resource indication value is defined by;
if  then

else

*** Unchanged text omitted ***
>>> End Text Proposal >>>
2.2	Resolution of FFS Items
2.2.1	Start/End vs. Start/Length Indexing of Intra-Cell Guard Bands
The discussion in RAN2 seems to be converging to defining the guard bands with a start CRB index and a size (number of CRBs), rather than using a start and end CRB index. This is to save some RRC signalling overhead since the size of the guard band can take only a few values where the end CRB index can take values 0 .. 275. If RAN2 decides on this, the text in 38.214 Section 7 will need to be amended. Using the text proposal in the prior section as a baseline, it is easy to make this change. 
[bookmark: _Toc32597502]If RAN2 decides on signalling the guard bands with starting CRB index + size (number of CRBs) instead of starting/ending CRB index, adopt text proposal TP3 instead of TP1.
>>> Text Proposal TP3 for 38.214, Section 7 >>>
7	UE procedures for transmitting and receiving on a carrier with intra-cell guard bands
For operation with shared spectrum channel access, when the a UE is can be configured with intra-cell guard band(s) by any of intraCellGuardBandUL-r16 for an UL carrier and intraCellGuardBandDL-r16 for a DL carrier., the UE is provided with   intra-cell guard bands on a carrier, each defined by start and end CRB,  and  , respectively. The intra-cell guard bands separate  RB-sets, each defined by start and end CRB, and  , respectively.  UE determines ,   , and the remaining start and end CRBs as  and .
An intra-cell guard band is defined by a start CRB index and size (number of CRBs),  and , respectively, where  indexes the guard band(s), and the subscript is set to DL and UL for downlink and uplink, respectively. The intra-cell guard bands define  resource block sets (RB sets) in increasing order of CRB indices, each defined by a start CRB index given by

and an ending CRB index given by

where  is a common RB set index within the carrier.
When the UE is not configured with intraCellGuardBandUL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. When the UE is not configured with intraCellGuardBandDL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. 
For a carrier with intra-carrier guard band(s), the UE does not expect to receive a BWP configuration by BWP-Downlink or BWP-Uplink partially overlapping with an RB-set. RB-sets within a BWP form a set  of cardinality  . A BWP contains a set of contiguous RB-sets indexed by  where  is the number of RB sets contained in the BWP, and  is the common RB set index of the first RB set in the BWP. The common RB set index within a carrier and RB set index within a BWP are related by  .
[The configuration of intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 can indicate to the UE that no intra-cell guard-bands are configured.] If no intra-cell guard bands are configured, the carrier contains a single RB set with start and end CRB indices of the given by the above expressions with RB set index  and number of RB sets .
>>> End Text Proposal >>>
2.2.2	Relocation of RB Set Definition to 38.211
Prior to RAN1#100-e, the spec editors for 38.211, 213, and 214 discussed relocation of 38.214 Section 7 to 38.211, and in principle it seemed agreeable. The 211 spec editor circulated a text proposal on the RAN1 NR reflector, and effecting such a move should be further discussed in this meeting.
The rationale for moving the text is that 38.211 Section 4.4 contains all definitions of physical resources, i.e., resource block and resource block indexing to which other specifications (RAN1, RAN2, and RAN4) refer. This includes the following:
· Point A definition (Section 4.4.4.2)
· Common resource blocks (CRBs) and CRB indices (Section 4.4.4.3)
· Physical resource blocks (PRBs) and PRB indices (Section 4.4.4.4)
· Virtual resource blocks (VRBs) (Section 4.4.4.5)
· Interlaced resource blocks (IRBs) for operation with shared spectrum channel access (Section 4.4.4.6)
· Resource block indexing within a BWP (Section 4.4.5)
Clearly, when looking at the existing text in 38.214 Section 7 and the TPs which we propose (TP1 or TP3) the definition of RB sets and RB set indexing naturally fits – indeed belongs – in Section 4.4 of 38.211. The 211 spec editor proposed to create a new Section 4.4.6 to hold the RB set definitions. This should be seriously considered and will make for clean and consistent specifications.
[bookmark: _Toc32597503]Move existing text in Section 38.214 Section 7 (or TP1/TP3 if agreed) to 38.211 Section 4.4.6. Update references in 38.212, 38.213, 38.214, and 38.215 as needed to point to the new section in 38.211. 
2.2.3	Default and No Guard Band Configurations
In 38.214 Section 7 there are still square brackets around the text regarding how a default guard band configuration is indicated to the UE and how no guard bands (e.g., 20 MHz carrier) is indicated to the UE. While it was agreed that RAN2 would sort this out, it is useful to discuss some of the implications of various choices.
When the UE is not configured with intraCellGuardBandDL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ].
[The configuration of intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 can indicate to the UE that no intra-cell guard-bands are configured.]
Currently, the text in square brackets says that if the absence of the RRC parameter intraCellGuardBandDL-r16 is used to indicate that a default guard band configuration should be assumed by the UE. The consequence is that for a UE not supporting the guard band feature (optional UE capability), that UE would still need to implement and understand the RRC signaling for that feature. This is strange. What would this UE do if the network omits the RRC parameter? It cannot enable guard bands (since it doesn’t support them), but it shall also not disable the feature due to the specified behavior for the absent parameter.
We understand that the rationale for this in RAN1 was to avoid signaling guard bands to all UEs if the default was going to be used anyway, thus saving RRC signaling overhead. We agree, that there is value in this. However, a proper way to achieve this is the following:
· Define the RRC parameter intraCellGuardBandDL/UL-r16 as optionally configured
· If the parameter is not configured, the UE should assume that no guard bands are configured
· If the RRC parameter is configured, provide a CHOICE between two values in RRC:
· “default” = NULL
· “gb-Config” = list of start/end or start/length pairs for the guard bands
· For the field description of intraCellGuardBandDL/UL-r16, specify that if “default” is signaled, the UE should determine the default guard band configuration from RAN4 specs (38.101-1). If  “gb-Config” is signaled, the UE should determine the guard bands from the signaled list.
This cleanly solves the goal of achieving a low signaling overhead approach for signaling a default configuration and a method to signal that no guard bands are configured. Moreover, it provides an approach whereby only UEs that support the guard band feature need to implement and understand the RRC signaling.
3	CSI-RS for Wideband Operation
The following RAN1 agreement is not captured. During the spec review period after RAN1#99, it was discussed that the appropriate place to capture this agreement is in 38.213 Section 11 which contains a multitude of other procedures on transmission/reception of signals/channels based on detection or no detection of DCI 2_0.
Agreement:
If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths,
The UE assumes that the CSI-RS is not transmitted if the UE is monitoring DCI format 2_0 carrying an LBT BW indication and detects the DCI format 2_0 indicating any of corresponding LBT bandwidths is not available for DL reception.
[bookmark: _Toc32597504]Capture the agreement on CSI-RS spanning multiple LBT bandwidths in 38.213 Section 11.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Correct the RB Set definition in 38.214 Section 7 to differentiate between DL and UL carriers, remove ambiguities in the indexing between guard bands and RB sets, as well as capture the case where no guard bands are configured for a carrier by specifying a single RB set with index 0. Adopt the convention that RB sets within a BWP are indexed starting at 0, analogous to PRB indexing with a BWP. TP1 implements this Proposal.
Proposal 2	Correct the expression used for number of RB sets in 38.214 Section 6.1.2.2.3 to account for the number of RB sets in the uplink BWP. TP2 implements this proposal.
Proposal 3	If RAN2 decides on signalling the guard bands with starting CRB index + size (number of CRBs) instead of starting/ending CRB index, adopt text proposal TP3 instead of TP1.
Proposal 4	Move existing text in Section 38.214 Section 7 (or TP1/TP3 if agreed) to 38.211 Section 4.4.6. Update references in 38.212, 38.213, 38.214, and 38.215 as needed to point to the new section in 38.211.
Proposal 5	Capture the agreement on CSI-RS spanning multiple LBT bandwidths in 38.213 Section 11.
[bookmark: _In-sequence_SDU_delivery]
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