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1 Introduction
RAN1 discussed to specify mechanisms for supplementary uplink frequency (SUL) and agreed that the SUL can be used for initial access based on threshold given by network (RMSI) as shown in Annex. In this contribution, we discuss potential impacts on the connected mode operation from RAN2 perspective to support supplementary uplink frequency.
2 Discussion 
2.1 Modeling of SUL in the connected mode
The main motivation to introduce SUL frequency is to improve the uplink coverage due to the relative high frequency of NR bands. SUL and NR band combination has high similarity with legacy LTE CA but without any paired downlink for the SUL as shown in the figure 1. The SUL can be supported by defining a new uplink only cell that is not paired with any downlink frequency from band combination perspective but controlled by some of downlink carrier. I.e. when a SUL is configured to a UE, it is an additional uplink only SCell and the control of the SUL depends on a regular paired PCell.


Figure 1: NR frequency combination of conventional paired carrier and SUL (for UL only).
Observation 1: SUL+NR band combination has high similarity with legacy LTE CA but without any paired downlink for the SUL
Proposal 1: To support SUL and conventional paired band combination, LTE CA framework is reused as a baseline. 
Proposal 2: SUL is modelled as a SCell without any paired downlink frequency from signalling perspective but controlled by downlink of other paired carrier.
In legacy LTE CA, the SCells can be configured or removed based on the measurement result on the corresponding downlink frequency. But as the SUL is not paired with downlink frequency, its addition or removal cannot be supported based on the measurement of downlink in the same band. Instead, it can be added when the UE get closer to the coverage edge of the NR PCell by measuring PCell downlink and applying measurement event A2 for example. It is expected no additional measurement object or event is needed for this purpose.
Proposal 3: Configuration of SUL is supported based on the measurement on PCell layer. No additional measurement enhancement is needed for SUL.
Activation of SUL can be supported in the same way as in LTE CA. I.e. a separate SCell ID is given to SUL SCell, and it can be explicitly activated using MAC CE.
Proposal 4: Activation of SUL is supported in the same way as in LTE CA.
In legacy LTE CA, the cross-carrier scheduling enables PDCCH in PCell to schedule uplink transmission of SCell. And thus without DL, UL only component carrier can be scheduled with cross-carrier scheduling in legacy CA.
Observation 2: Uplink transmission on SUL can be scheduled by PDCCH on PCell Downlink. (i.e. cross-carrier scheduling)
When SUL is configured with a conventional paired carrier, PUCCH can be configured only either of SUL or the uplink of the paired carrier. When the SUL is configured with multiple paired carriers, multiple PUCCH on more than one uplink can be considered. However, as the main motivation to introduce SUL frequency is to improve the uplink coverage due to the relative high propagation loss of NR bands, and only SUL could be available in the cell edge of paired downlink, PUCCH on one of the uplink (i.e. SUL) could be enough. I.e. PUCCH can be configured only in the SUL when SUL is configured.
Observation 3: PUCCH can be supported only on SUL when SUL is configured and activated.
2.2 Impact on MAC layer
RAN1 has agreed that 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. And it may be possible to include the power adjustment in P0.
Because DL carrier where the UE receives reference signal for pathloss calculation is on the different frequency from SUL, the pathloss measured by DL carrier need to be modified for SUL that leads to different power headroom report on SUL.
Proposal 5: The pathloss to calculate power headroom on SUL needs to be adjusted with the offset of pathloss between NR DL and SUL configured by RMSI. 
3 Conclusion
Observation 1: SUL+NR band combination has high similarity with legacy LTE CA but without any paired downlink for the SUL
Observation 2: Uplink transmission on SUL can be scheduled by PDCCH on PCell Downlink. (i.e. cross-carrier scheduling)
Observation 3: PUCCH can be supported only on SUL when SUL is configured and activated.
RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: To support SUL and conventional paired band combination, LTE CA framework is reused as a baseline. 
Proposal 2: SUL is modelled as a SCell without any paired downlink frequency from band combination perspective but controlled by downlink of other paired carrier.
Proposal 3: Configuration of SUL is supported based on the measurement on PCell layer. No additional measurement enhancement is needed for SUL.
Proposal 4: Activation of SUL is supported in the same way as in LTE CA.
Proposal 5: The pathloss to calculate power headroom on SUL needs to be adjusted with the offset of pathloss between NR DL and SUL configured by RMSI. 
Annex
RAN1 discussed to specify mechanisms for supplementary uplink frequency (SUL) and agreed that the SUL can be used for initial access based on threshold given by network (RMSI) as following:
	
Agreements@RAN1#89:
· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
· Sent LS accommodating above agreement to RAN2 and RAN4 – Xiaodong (CMCC)

Agreements@RAN1#90:
· 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
· Sent an LS accommodating above agreement to RAN2  

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.

Agreements@RAN1 NR#3:
· Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:
· The carriers are in different PUCCH groups, or
· The UL carrier is operating in a SUL band combination as defined in RAN4 specifications
· Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 
· Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 
· An UL carrier can carry UCI for the DL carrier that it supplements
· An UL carrier is scheduled from the DL carrier that it supplements

For further discussion 
· whether SUL has the same cell ID as the associated DL 
· whether SUL can be PCell and/or SCell
· whether all UEs support PUSCH on a different carrier from the SUL carrying UCI
· which combinations of DL/UL SCSs are supported

Agreement:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier
· Received target power for PRACH power control,
· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
· FFS maximum pathloss difference to be compensated
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