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1. [bookmark: OLE_LINK3]Introduction
[bookmark: OLE_LINK1]RAN1 has been discussing on SUL carrier for few meeting cycles. The introduction of SUL carrier will also impact high layer spec. For example RAN1 agreed in RAN1# meeting that UE could choose to start initial access procedure on SUL carrier which is not a general case for NR system. In this paper we try to clarify what is the potential impact on high layer .

At the last RAN1# 90 meeting, the following agreements were achieved with respect to RACH procedures and uplink power control for SUL carrier.
Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition

Agreements:
· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
· Power adjustment for SUL should be taken into account in the uplink power control
· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.
Note: it may be possible to include the power adjustment in P0.
1. [bookmark: OLE_LINK9]Discussion
A SUL carrier is an uplink only NR carrier. Apparently without downlink carrier a SUL carrier doesn’t work. On the other hand a normal NR carrier i.e. a carrier with both uplink and downlink carrier can obviously work without SUL. The intention to introduce SUL is mainly to help those UEs at cell edge in the uplink in macro cell. UEs not at cell edge should be allowed to access NR network without SUL carrier. This is main reason why RAN1 have following agreement:
“The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold”
Our understanding is that when measured RSRP is higher than threshold then UE should choose the NR carrier where UE receives RMSI to trigger the initial access.
In small cell SUL carrier is not so helpful. In this case SUL carrier seems not necessary. In addition UE may not be able to support all frequency bands defined for SUL carrier or even not to support SUL band at all. When such UE enters a NR network configured with SUL carrier, it shall still be allowed to access the NR network without SUL carrier. If a SUL capable UE is roaming in visiting PLMN same situation could occur due to same reason. Overall we think SUL carrier is an optional configuration from both network and UE point of view. And in a network configured with SUL carrier UE shall be allowed to access NR network without SUL carrier and continue its uplink and downlink transmission on normal NR carrier only. 
Proposal1: In a NR network configured with SUL carrier, UE shall be allowed to access NR network without SUL carrier and continue its uplink and downlink transmission on normal NR carrier only
Because SUL carrier doesn’t have associated DL carrier and it still need some DL carrier to be pathloss reference. A straight way forward is that SUL carrier takes the NR carrier which it supplements as pathloss reference. Actually the RAN1 has already taken the DL carrier where UE receives the RMSI as pathloss reference with compensate. And the “the carrier where UE receives the RMSI” refers to the NR carrier it implements in this paper. Similar SUL carrier should also take the same NR carrier to be timing reference where it receives all the SS block and RMSI. 
Proposal12 SUL carrier takes NR carrier which it supplements as pathloss reference with compensate
Proposal13 SUL carrier takes NR carrier which it supplements as timing reference
1. Initial access procedure
Usually before UE trigger initial access procedure there is only one carrier is “visible” for UE i.e. only one pair of UL and DL carrier. They could be FDD carrier or TDD carrier. When SUL carrier is introduced this modeling need be changed because one more SUL carrier could be visible to UE if UE support the band of SUL carrier. This is mainly because UE could do initial access via SUL carrier if the UE is bit far away from gNB. RAN1 agreed that “The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold” in RAN1#90 meeting. This could be illustrated in Figure 1:

Figure 1 
In Figure1 F2 is an unpaired NR carrier. F1 is a SUL carrier and it supplements F2 DL carrier. In this paper carrier such as F2 in Figure1 is called normal NR carrier. To enable such kind of visibility, some information should be broadcast in the system information or signaled in dedicated signaling e.g. for handover case which is needed for initial access via SUL carrier. So in IDLE mode the only functionality which is impacted by SUL carrier is initial access procedure but nothing else e.g. mobility related functionality. Because of this 38.304 doesn’t need to mention SUL carrier at all. 
RACH procedure for initial access could be contention-based RACH procedure i.e. 4 steps RACH procedure. The used channels are illustrated in following Figure2:

Figure 2
RAN1 agreed that “The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier” and “If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier” .Our understanding is that except for preamble and PUSCH, UE should also transmit PUCCH on SUL carrier to complete 4 step RACH procedure. RAN1 agreed that “RACH configuration for the SUL carrier is broadcasted in RMSI”. So it is clear in the RMSI of NR carrier SUL carrier supplements following information should be broadcast for SUL carrier:
1, rach-ConfigCommon, PRACH-Config
2, PUSCH-ConfigCommon
3, PUCCH-ConfigCommon 
In addition the threshold to select SUL carrier to do initial access and power control parameter for RACH procedure should be also included. In case of handover, these parameters should be also contained in handover command message.
Proposal4: Following parameters of SUL carrier to be broadcast in RMSI of NR carrier it supplements:
rach-ConfigCommon, PRACH-Config, PUSCH-ConfigCommon, PUCCH-ConfigCommon , UplinkPowerControlCommon, P-Max, CORSET, EARFCN
Propsoal4a:These parameters should be contained in the dedicated signaling e.g. handover command message 
Based on the same agreement i.e. “The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold” , when the measured RSRP is above the threshold, then UE will select a normal NR carrier to initiate initial access procedure. Following same logic of RACH procedure on SUL carrier all the uplink transmission of the RACH procedure should occurs on the same carrier. Following same logic same parameters of normal NR carrier should be also broadcast in RMSI
Proposal5: When measured RSRP is above the configured threshold, UE should select the normal NR carrier to initiate initial access procedure and all uplink transmission should take place on the normal NR carrier
Proposal5a: Following parameters of normal NR carrier should broadcast in RMSI:
rach-ConfigCommon, PRACH-Config, PUSCH-ConfigCommon, PUCCH-ConfigCommon , UplinkPowerControlCommon, P-Max, CORSET
1. After initial access procedure
If UE starts initial access procedure from IDLE mode, then the parameters about SUL comes from either system information or default configuration during initial access procedure. Other dedicated parameter about SUL carrier can be signaled to UE after initial access procedure. If UE was in RRC_CONNECTED state then these parameters maybe already provided via dedicated signaling e.g. handover command message.
It seems natural that UE will continue to transmit in uplink on the carrier where initial access procedure occurs. If UE is not capable of simultaneous uplink transmission between SUL carrier and NR carrier it supplements then it will continue both downlink and uplink transmission in that carrier. When UE is moving around UE may need change uplink carrier. If UE starts from SUL carrier and it moves close to gNB network may switch it to normal NR carrier due to load balance i.e. to leave resource on SUL to serve UEs which needs them definitely. If UE starts from normal NR carrier and it moves a bit far away from gNB then it need switch to SUL carrier due to coverage issue. When UE transmit on one single carrier it is obviously that dedicated PUCCH resource on that carrier should be configured to UE otherwise downlink transmission is disabled. This should be applied to both SUL carrier and normal NR carrier.
Proposal6: For SUL capable UE which doesn’t support simultaneous uplink transmission between SUL carrier and normal NR carrier, carrier switch should be supported. Detail scheme is FFS
When UE is capable of simultaneously uplink transmission UE can be scheduled in uplink on SUL carrier or normal NR carrier or both. As for the dedicated PUCCH resource UE should transmit only on either SUL carrier or normal NR carrier but not both since it is not necessary and will also cause ambiguity in UE side. Because of this dedicated PUCCH resource should be switched between SUL carrier and normal NR carrier. The reason is quite similar to the switch of uplink carrier. When UE moves away from gNB UE will transmit on SUL carrier including PUCCH channel due to coverage issue. When UE moves close to the gNB network could decide to switch PUCCH channel from SUL carrier to normal NR carrier due to load balance reason and leave the dedicated PUCCH resource to those UE at cell edge.
Proposal7: For SUL capable UE which support simultaneous uplink transmission between SUL carrier and normal NR carrier, dedicated PUCCH resource switch should be supported. Detail scheme is FFS
1. Conclusion
Here are the proposals in the paper:
Proposal1: In a NR network configured with SUL carrier, UE shall be allowed to access NR network without SUL carrier and continue its uplink and downlink transmission on normal NR carrier only
Proposal12 SUL carrier takes NR carrier which it supplements as pathloss reference with compensate
Proposal13 SUL carrier takes NR carrier which it supplements as timing reference
Proposal4: Following parameters of SUL carrier to be broadcast in RMSI of NR carrier it supplements:
rach-ConfigCommon, PRACH-Config, PUSCH-ConfigCommon, PUCCH-ConfigCommon , UplinkPowerControlCommon, P-Max, CORSET, EARFCN
Propsoal4a:These parameters should be contained in the dedicated signaling e.g. handover command message 
Proposal5: When measured RSRP is above the configured threshold, UE should select the normal NR carrier to initiate initial access procedure and all uplink transmission should take place on the normal NR carrier
Proposal5a: Following parameters of normal NR carrier should broadcast in RMSI:
rach-ConfigCommon, PRACH-Config, PUSCH-ConfigCommon, PUCCH-ConfigCommon , UplinkPowerControlCommon, P-Max, CORSET
Proposal6: For SUL capable UE which doesn’t support simultaneous uplink transmission between SUL carrier and normal NR carrier, carrier switch should be supported. Detail scheme is FFS
Proposal7: For SUL capable UE which support simultaneous uplink transmission between SUL carrier and normal NR carrier, dedicated PUCCH resource switch should be supported. Detail scheme is FFS
