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Introduction
For NR-U WI, there are on-going discussions on the support of sub-band specific functions held in RAN1. They are highlighted as below
1. Sub-band specific PRACH resources
As captured in the TR [1], it has been suggested to study frequency-domain enhancement for potential RACH enhancement, e.g. multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA.  By allowing a UE to be configured with PRACH resources per sub-band, the UE can perform parallel LBT operations on different sub-bands and select one sub-band with successful LBT operation for a RA procedure.
2. PUSCH/PDSCH across sub-bands or per sub-band for wideband operation
For operation within a carrier with bandwidth larger than 20 MHz, the following two options are remaining since multiple active BWP operation is not supported for NR-U [3].
Option 2: Multiple BWPs can be configured, single BWP activated, UE/gNB transmits PUSCH/PDSCH on a single BWP if CCA is successful at UE/gNB for the whole BWP. The carrier bandwidth is equal to the LBT bandwidth. Multiple carriers can be aggregated.
Option 3: Multiple BWPs can be configured, single BWP activated, UE/gNB transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful at UE/gNB. The carrier bandwidth may be larger than LBT bandwidth.
Especially for Option 3, there are two scenarios identified for using part of a wide carrier upon LBT outcome per sub-band. 
Scenario 1: PUSCH/PDSCH across sub-bands, meaning that the UE receives a single scheduling assignment/grant for data reception or transmission. Therefore, the UE/gNB builds a corresponding TB across the sub-bands.
Scenario 2: individual PUSCH/PDSCH per sub-band, meaning that the UE receives a scheduling assignment/grant per sub-band, therefore, the UE/gNB builds a corresponding TB per sub-band.
For both scenarios, there are some RAN2 impacts expected.
Although the eventual decisions of these functions are left to RAN1. It may be beneficial for RAN2 to provide views on potential RAN2 impacts by supporting these functions so that to assist RAN1 to make decisions based on RAN2 work.
[bookmark: _Ref525831879]Discussions
Sub-band specific PRACH resource
In the NR Rel-15, the time domain locations for RA preambles are configured by the parameter prach-ConfigurationIndex while the frequency domain locations for RA preambles are configured by the parameter msg1-FrequencyStart and the parameter msg1-FDM. The three parameters are carried by the RRC IE RACH-ConfigGeneric, which is further carried by the IE RACH-ConfigCommon in the IE BWP-UplinkCommon. In this way, the PRACH resources are configure per BWP.
[bookmark: _Toc3830116][bookmark: _Toc3830173][bookmark: _Toc4146530][bookmark: _Toc4168062][bookmark: _Toc4414372][bookmark: _Toc4498691][bookmark: _Toc4499433]In NR Rel-15, the time locations for RA preambles are configured by the parameter prach-ConfigurationIndex.
[bookmark: _Toc3830117][bookmark: _Toc3830174][bookmark: _Toc4146531][bookmark: _Toc4168063][bookmark: _Toc4414373][bookmark: _Toc4498692][bookmark: _Toc4499434]In NR Rel-15, the frequency locations for RA preambles are configured by the parameter msg1-FrequencyStart and the parameter msg1-FDM.
[bookmark: _Toc4146532][bookmark: _Toc4168064][bookmark: _Toc4414374][bookmark: _Toc4498693][bookmark: _Toc4499435]In NR Rel-15, PRACH resources are configured per BWP.
For introduction of the sub-band specific PRACH configuration, at least the three parameters prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM may need to be signalled per sub-band. From the RRC work point of view, similar work performed for the BWP concept in Rel-15 need to be repeated for sub-band, which would add substantial standardization efforts for both RAN2 and RAN1 which would make it to be challenging to complete Rel-16 NR-U work on time.
[bookmark: _Toc525736615][bookmark: _Toc525831827][bookmark: _Toc525831870][bookmark: _Toc525831950][bookmark: _Toc528690210][bookmark: _Toc528690260][bookmark: _Toc528690292][bookmark: _Toc528749721][bookmark: _Toc3799459][bookmark: _Toc3830118][bookmark: _Toc3830175][bookmark: _Toc4146533][bookmark: _Toc4168065][bookmark: _Toc4414375][bookmark: _Toc4498694][bookmark: _Toc4499436]In order to support sub-band specific PRACH configuration, similar RRC work performed for the BWP concept in Rel-15 need to be repeated for sub-band, which brings substantial standardization efforts for both RAN1 and RAN2.
In NR Rel-15, the RACH functionalities are maintained by the MAC layer, which include 
1) RA procedure initialization 
2) RA resource selection
3) RA preamble transmission
4) RA response reception
5) RA contention resolution
6) Completion of RA procedure
The introduction of the sub-band specific PRACH configuration means that each sub-band with configured RA resources may need to be visible at the MAC layer if the sub-band specific RACH functionalities such as the RA resource selection per sub-band are modelled at the MAC layer for as in the legacy spec. One may Substantial work efforts would be incurred for the MAC layer. The index of sub-band or PRACH configuration associated to a sub-band need to be referred in all RA procedure. It would be even more complex if allowing the UE to change sub-band while a RA procedure is running.
[bookmark: _Toc3830119][bookmark: _Toc3830176][bookmark: _Toc4146534][bookmark: _Toc4168066][bookmark: _Toc4414376][bookmark: _Toc4498695][bookmark: _Toc4499437]To support sub-band specific PRACH configuration, each sub-band may need to be visible at the MAC layer, which incurs substantial efforts for the MAC layer to be updated accordingly.
With sub-band PRACH configuration, a UE may select any sub-band after a successfully LBT operation to transmit a PRACH preamble. Upon reception of the preamble, the gNB may reply with a RAR message on a different sub-band from the one on which the preamble was received depending on the LBT outcome. The UE may not be aware of the sub-band on which the gNB may transmit the RAR message in advance.  In this case, the UE may have to monitor all sub-bands in the current active BWP for possible RAR reception. This would increase the UE power consumption due to more active PDCCH monitoring activities. 
[bookmark: _Toc3830120][bookmark: _Toc3830177][bookmark: _Toc4146535][bookmark: _Toc4168067][bookmark: _Toc4414377][bookmark: _Toc4498696][bookmark: _Toc4499438]The UE may have to monitor all sub-bands for possible RAR reception, which increases the UE power consumption.
Based on above observations, to avoid substantial spec efforts in RRC and MAC and to not repeat the same work for sub-band as that performed for BWP in NR Rel-15, we make below proposal.

[bookmark: _Toc3830126][bookmark: _Toc3830181][bookmark: _Toc4003039][bookmark: _Toc4146538][bookmark: _Toc4168070][bookmark: _Toc4414380][bookmark: _Toc4499410]NR-U do not support sub-band specific PRACH configuration.

PUSCH/PDSCH across sub-bands or per sub-band for wideband operation
For operation within a carrier with bandwidth larger than 20 MHz, the following two options are remaining since multiple active BWP operation is not supported for NR-U [3].
Option 2: Multiple BWPs can be configured, single BWP activated, UE/gNB transmits PUSCH/PDSCH on a single BWP if CCA is successful at UE/gNB for the whole BWP
Option 3: Multiple BWPs can be configured, single BWP activated, UE/gNB transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful at UE/gNB
Especially for Option 3, there are two scenarios identified for using part of a wide carrier upon LBT outcome per sub-band. 
Scenario 1: PUSCH/PDSCH across all sub-bands, meaning that the UE receives a single scheduling grant/assignment for data reception or transmission. Therefore, the UE builds/receives a corresponding TB across all sub-bands.
Scenario 2: individual PUSCH/PDSCH per sub-band, meaning that the UE receives a scheduling grant/assignment per sub-band, therefore, the UE builds/receives a corresponding TB per sub-band.
For both scenarios, there are some RAN2 impacts expected.
For Option 2, least RAN2 impacts are foreseen since the UE MAC performs data transmission or reception only in case the full carrier LBT operation has succeeded. In case the transmission is subject to LBT failures, the transmitter (either a UE or a gNB) can immediately trigger upper layer retransmissions before a HARQ retransmission is triggered upon expiration of the timer. In this way, the latency caused by the loss of the transmission opportunities can be reduced. Such action doesn’t require spec changes, and wideband operation can be supported by using carrier aggregation.
For Option 3, in Scenario 1, the UE or the gNB must do a puncturing or a rate-matching of the coded bits to fit with the remaining bandwidth. This would not only bring additional processing complexity but also increase the probability of transmission failures and thus retransmissions that delay the correct reception. This may negatively affect the quality of corresponding services.
[bookmark: _Toc4146536][bookmark: _Toc4168068][bookmark: _Toc4414378][bookmark: _Toc4498697][bookmark: _Toc4499439]With Option 3, in case a puncturing or rate matching of the coded bits, the probability of transmission failures is increased which would negatively affect the quality of corresponding services.
For Option 3, in Scenario 2, the UE would receive scheduling assignment/grant per sub-band, meaning that an additional index of the sub-band needs to be added to the DCI signaling. In additional, each sub-band need to be visible at upper layers including RRC and MAC.  All MAC procedures, such as HARQ, may be performed per sub-band instead of per BWP. 
This will inevitably add substantial efforts for both RAN1 and RAN2, to standardize functionalities that are similar to CA and BWP. This will make it challenging for the NR-U WI to complete on time. In one example, the UE may measure CO per sub-band, based on the measurement, the UE MAC can map a logical channel with high priority to a sub-band with low channel occupancy, while mapping other low priority logical channels to a sub-band with medium and high channel occupancy. In this case, the logical channel prioritization procedure would require indices of sub-bands to be considered in the procedure.
[bookmark: _Toc4146537][bookmark: _Toc4168069][bookmark: _Toc4414379][bookmark: _Toc4498698][bookmark: _Toc4499440]With Option 3, in case NR-U supports individual PUSCH/PDSCH per sub-band, each sub-band needs to be visible at upper layers including RRC and MAC since all MAC procedures may be performed per sub-band. This will add substantial efforts for both RAN1 and RAN2 to standardize functionalities that are similar to CA and BWP.
To avoid adding substantial efforts for both RAN1 and RAN2 to standardize similar functionalities to CA and BWP, we suggest that NR-U do not support Option 3 for wideband operation.
[bookmark: _Toc4168071][bookmark: _Toc4414381][bookmark: _Toc4499411]NR-U do not support Option 3 for wideband operation (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful).
Given above analyses, we recommend RAN2 inform RAN1 of the foreseen RAN2 impacts and assists RAN1 to disregard Option 3 for wideband operation. 
[bookmark: _Toc4003043][bookmark: _Toc4146539][bookmark: _Toc4168072][bookmark: _Toc4414382][bookmark: _Toc4499412]RAN2 recommends RAN1 to disregard Option 3 (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful) and sub-band specific PRACH for wideband operation.
In the LS sent by RAN1 [3], RAN1 asks RAN2 to take into account RAN1 agreements on wideband operation and not to support multiple active BWP operation for both DL and UL. As a further reply to that LS, we suggest RAN2 to send a LS to RAN1, informing RAN1 of the foreseen RAN2 impact with the support of Option 3 and sub-band specific PRACH.
[bookmark: _Toc4499413]RAN2 sends a LS recommending RAN1 to disregard Option 3 (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful) and sub-band specific PRACH for wideband operation.
We prepared such a reply LS in [4]. 
Conclusion
In section 2 we made the following observations:
Observation 1	In NR Rel-15, the time locations for RA preambles are configured by the parameter prach-ConfigurationIndex.
Observation 2	In NR Rel-15, the frequency locations for RA preambles are configured by the parameter msg1-FrequencyStart and the parameter msg1-FDM.
Observation 3	In NR Rel-15, PRACH resources are configured per BWP.
Observation 4	In order to support sub-band specific PRACH configuration, similar RRC work performed for the BWP concept in Rel-15 need to be repeated for sub-band, which brings substantial standardization efforts for both RAN1 and RAN2.
Observation 5	To support sub-band specific PRACH configuration, each sub-band may need to be visible at the MAC layer, which incurs substantial efforts for the MAC layer to be updated accordingly.
Observation 6	The UE may have to monitor all sub-bands for possible RAR reception, which increases the UE power consumption.
Observation 7	With Option 3, in case a puncturing or rate matching of the coded bits, the probability of transmission failures is increased which would negatively affect the quality of corresponding services.
Observation 8	With Option 3, in case NR-U supports individual PUSCH/PDSCH per sub-band, each sub-band needs to be visible at upper layers including RRC and MAC since all MAC procedures may be performed per sub-band. This will add substantial efforts for both RAN1 and RAN2 to standardize functionalities that are similar to CA and BWP.

[bookmark: _Hlk3819698]Based on the discussion in section 2 we propose the following:
Proposal 1	NR-U do not support sub-band specific PRACH configuration.
Proposal 2	NR-U do not support Option 3 for wideband operation (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful).
Proposal 3	RAN2 recommends RAN1 to disregard Option 3 (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful) and sub-band specific PRACH for wideband operation.
Proposal 4	RAN2 sends a LS recommending RAN1 to disregard Option 3 (i.e., UE transmits PUSCH/PDSCH on parts or whole of single BWP where CCA is successful) and sub-band specific PRACH for wideband operation.
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