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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier. The relevant part in the latest WID [1] is copied below: 
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-
No implication that all UEs have to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier, in accordance with RP-172104


In RAN1 NR#3 meeting [2], the following agreement was achieved.
	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


In RAN1#90bis [3] meeting, the following agreements were achieved.
	Working Assumption:
· For PRACH/PUSCH/PUCCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the maximum pathloss including penetration loss difference between two UL carriers to be compensated is 76 dB.

· 76dB can be revisited in RAN1#91 if there is a technical issue

· Note: This maximum number is based on the assumption that the downlink carrier frequency can be up to 70GHz

	Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH
· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.


And for the SRS configuration involving SUL carrier, following agreements are achieved:

	Agreement:
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


In this contribution, we mainly discuss the remaining issues of power control for SUL, including the range of P0, PHR and TPC command.
2 Discussion
2.1 Pathloss difference and power offset range 

A working assumption was made last meeting for SUL that the maximum pathloss including penetration loss difference between two UL carriers to be compensated is 76 dB. In other words, the pathloss for a SUL on lower frequency can be far lower than the pathloss measurement in the DL on higher frequency. So the target receiving power for the SUL at the gNB side is lower than the target receiving power for the non-SUL on the frequency of the DL measured. In LTE the preambleInitialReceivedTargetPower range is [-120dBm:2:-90dBm], in NR the preambleInitialReceivedTargetPower range is [-196 dBm:2:-90 dBm] considering the compensation range for the DL pathloss difference.
Proposal 1: RAN1 confirm the working assumption and agree the range for PRACH received target power is [-196:2:-90] dBm. And in the UplinkPowerControlDedicated, the lowest P0 value for PUCCH/PUSCH/SRS power control should also be reduced by 76dB.
2.2 Power control for SUL 

In the calculation of PPUSCH,c(i), PPUCCH,c(i) and PSRS,c(i), the Pcmax,c(i) parameter is cell specific parameter. For a cell comprising of two ULs, the maximum output power Pcmax,c for both ULs must be set separately by a UE, especially in the case that each UL is transmitted via different power amplifier (PA) hardware with different Power class, e.g. one PA for 1.8 GHz has power class of 23 dBm while the other PA for 3.5 GHz has power class of 26 dBm, Therefore, UL carrier index u should be introduced to Pcmax,c for the calculation of transmission power, i.e. Pcmax,c,u. 
Proposal 2: For a cell comprising of two ULs, each UL has individual maximum output power, which can be denoted as Pcmax,c,u where u is the UL index.
A working assumption was made that j is configured for two uplinks of a cell configured with SUL (SUL cell). The UL index u in Pcmax,c,u should be associated with the j in case of SUL cell. Such association should be included in specification. A simpler and cleaner way is to introduce UL index u to parameter P0,c, u, αc,u. Similarly, the association between UL index u and index l should be included in specification, too.
Proposal 3: For a cell comprising of two ULs, the association between UL index u and index j for the uplink power control equations should be included in specification clearly, so does the association between UL index u and index l.
2.3 PHR reporting involving SUL

In the last RAN1 meeting RAN1#90b [3], the following agreements for SUL is achieved.

	Agreement:
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


For a cell configured with SUL, SRS can be configured on both UL, irrespective of the UL configuration for PUSCH and PUCCH. When PUSCH-less UL is configured with SRS, the PHR for this UL is reported with PHR Type 3. More details about PHR Type 3 can be found in our companion paper [4].
Proposal 4: PHR Type 3 is supported in Rel-15. PHR Type 3 can be used for a cell configured with SUL.
2.4 TPC command involving SUL 

In the last RAN1 meeting RAN1#90b, the following agreements for power control is achieved.

	Agreement:
· Support closed power control commands by downlink DCI for PUCCH power control and by uplink grant for PUSCH power control

· FFS: SRS

· Support closed power control commands by group common DCI with TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI


As discussed in our companion paper [5], traditionally, each bit(s) field in the group common DCI is for one UE. However for a UE configured with two ULs in the cell, how to indicate the UE for the power control command needs some clarification. Since which bit(s) field within the group common DCI is used for the UE is configured by RRC, it is straightforward that for a UE configured with two ULs in the cell, two bit(s) fields within the group common DCI are configured by RRC to the UE, one bit(s) field for UL and another bit(s) field for SUL. This applies to group common DCI for PUSCH and SRS TPC. Since only one PUCCH is configured between the UL and SUL in the cell, there is no problem with PUCCH.

Proposal 5: For a UE configured with two ULs in a cell, two TPC bit(s) fields within the group common DCI are configured to the UE, one for UL and one for SUL. 

3 Conclusion

In this contribution, the remaining issues of power control for SUL were discussed, including the range of P0, PHR and TPC command. The proposals are given as follows:
Proposal 1: RAN1 confirm the working assumption and agree the range for PRACH received target power is [-196:2:-90] dBm. And in the UplinkPowerControlDedicated, the lowest P0 value for PUCCH/PUSCH/SRS power control should also minus 76dB.
Proposal 2: For a cell comprising of two ULs, each UL has individual maximum output power, which can be denoted as Pcmax,c,u where u is the UL index.
Proposal 3: For a cell comprising of two ULs, the association between UL index u and index j for the uplink power control equations should be included in specification clearly, so does the association between UL index u and index l.
Proposal 4: PHR Type 3 is supported in Rel-15. PHR Type 3 can be used for a cell configured with SUL.
Proposal 5: For a UE configured with two ULs in a cell, two TPC bit(s) fields within the group common DCI are configured to the UE, one for UL and one for SUL. 
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