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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According the supplementary uplink discussion in RAN2#99bis [1], RAN2 achieved the following agreements:
Agreements for SUL operation in connected mode:
1	When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)
2	At any point in time, each serving cell has at most one PUSCH for transmission

Options for further discussion on RRC signalling to configure SUL
1	RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.
2	RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs 

Clarification of agreements
1	In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signalling options. 
2	RAN2 consider that it is up to RAN1 to decide where PUCCH is transmitted
3	Option 2 is clarified to " RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, to use both ULs but not schedule them simultaneously based on agreement 1 above"
4	Final decision to use MAC CE signalling would be a RAN2 decision.
5	Final decision to use L1 signalling would be a RAN1 decision.
6 	There is no RAN2 motivation to adopt DCI signalling.
The related RAN1 agreements are given in Annex A. In this contribution, we discuss the remaining stage-2 issues of the SUL (Supplementary uplink) carrier. Due to the limited time for the EN-DC discussion, we consider to adopt only limited/essential functionalities of the SUL carrier in Rel-15 and the further enhancements of the SUL function can be discussed in the future release.

2. Discussion


Figure 1: Example of EN-DC SUL deployment scenario
[bookmark: _GoBack]In order to facilitate the following SUL discussion, Figure 1 illustrates a typical deployment scenario for SUL carrier in EN-DC, and the LTE MN and the NR SN can be collocated. According to the RAN1 agreements given in the Annex A, “the SUL frequency can be a frequency shared with LTE UL”. Then the downlink carrier and another UL carrier which are associated with the SUL carrier are NR carriers. The main intention of the SUL carrier is to ensure the uplink coverage of a NR cell. For example, the SUL carrier is used for the initial access of a NR cell. 
2.1. Intra-frequency DC for SUL
According to the RAN1#89 meeting agreement, “the SUL frequency can be a frequency shared with LTE UL”. According to RAN4#74 meeting agreements given below, the SUL band combination can have LTE band (e.g. LTE band 3) and NR band (e.g. NR band 80) sharing the same frequency range.
	RAN4#74 meeting agreements:
· For SUL and LTE-NR coexistence bands:
· Note: The following band combination is just for example.
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From the UE perspective, if the SUL frequency is shared between MCG and SCG, the intra-frequency DC needs to be supported. However the simultaneous uplink transmission of more than one intra-frequency cells has not been supported by the DC UE. Thus, to support intra-frequency UL transmission in both MCG and SCG, one solution is to use the TDM transmission as already discussed for the single uplink transmission. 
Proposal 1: RAN2 is kindly requested to discuss whether the SUL carrier of SCG can be the same frequency as MCG in EN-DC.
Proposal 2: If the SUL carrier of SCG is the same frequency as MCG in EN-DC, the TDM uplink transmission on the same frequency of both MCG and SCG is used. 
Proposal 3: An LS is sent to RAN3 to inform them of the TDM coordination between MN and SN for the intra-frequency EN-DC.

2.2. SUL for PCell or PSCell or SCell
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK188][bookmark: OLE_LINK189]For EN-DC MCG, the MCG carriers are LTE frequencies of both UL and DL. Then there is no use case for the MCG of EN-DC.
For EN-DC SCG, we consider that from the perspective of cell coverage, it is possible that the SUL carrier is used for either PSCell or SCell of the NR SCG, because using SUL for the contention-freed RACH procedure in SCell can also improve the successful rate of RACH in SCell. However as the main use case of SCell is to increase the throughput, using SUL carrier for SCell does not bring much throughput benefit to the SCell. On the other hand, introducing the SUL carrier for SCell may bring further impacts on the SCell activation/deactivation. For example, RAN2 needs to consider if an SUL carrier can be added to an activated/deactivated SCell. To save the RAN2 discussion time, we consider that the SUL carrier is only configured for the PSCell in Rel-15 for EN-DC, and configuring SUL carrier for SCell can be studied further in the next release.
Proposal 4: For EN-DC the SUL carrier is configured only for PSCell.
Regarding the standalone cell configured with SUL carrier, we consider that the specification impacts (e.g. SIB signaling for SUL) can be discussed further after the completion of the EN-DC.
2.3. Addition/Release/Modification of the SUL carrier
Regarding the initial state (i.e. either activated or deactivated) of the SUL carrier, we consider that the configuration of the SUL carrier should be part of a cell (i.e. PSCell) configuration. Thus the initial status of the SUL carrier should be the same as the configured cell (i.e. PSCell). This means that the SUL carrier of the PSCell is always activated. Further enhancements on the activation/deactivation of the SUL carrier can be discussed in the future release. 
Proposal 5: The SUL carrier of the PSCell is always activated when the SUL carrier is configured.
Regarding the addition of the SUL carrier, if the SUL carrier is added after the addition of the PSCell and the initial state of the SUL carrier is activated, then RAN4 needs to define new requirements for the activation of the SUL carrier. The similar discussion on allowing the initial activated state of a SCell can be also found in the Rel-15 euCA work item. Some potential solutions to the ambiguity time period of the activated SUL carrier is probably needed as the euCA work item. To minimize the impacts in RAN2 and other working groups, we consider that the SUL carrier is only added via PSCell addition/change procedure.
Proposal 6: The SUL carrier is only added via PSCell addition/change procedure.
Regarding the release of the SUL carrier, from our understanding, the SUL carrier can be remove at any point of time, and no extra standard efforts are required. From the perspective of RRC signaling, the SUL/non-SUL carrier may be regarded/defined as the carrier without PUCCH configuration.
Proposal 7: The SUL carrier can be released at any point of time if the location of PUCCH is not changed.
Regarding the relocation of the PUCCH, according to the RAN1#90bis agreements as given in Annex A, “UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination”. However when the PUCCH uplink carrier is reconfigured, the network will encounter some ambiguity time period for the uplink feedback of PUCCH, which may cause some loss of PUCCH transmission. According to TS 36.331 [2], the PUCCH configuration of a SCell is only added upon SCell addition, and only released when the SCell is released. We consider that the same principle as used for the LTE PUCCH SCell can be re-used for the SUL carrier.
Proposal 8: The location (either on the SUL carrier or on the non-SUL UL carrier) of the PUCCH is only changed via PSCell change procedure.
If RAN2 tends to add SUL carrier also for NR SCell, then we consider that the principles for PSCell configuration can be re-used, but more standard efforts/discussions are required for the SCell SUL configuration.

2.4. SCellIndex
According to the RAN1#90 meeting agreements in Annex A, “each UL carrier (including SUL) has its own separate power control configuration”. This means that the UE needs to report the PH and Pcmax.c for each UL carrier (including SUL). According to the PHR format in the running TS 38.321 [3], and the SCellIndex is required for an uplink carrier which is not the normal uplink carrier of PCell or PSCell. The PHR format of EN-DC can also be found in Annex B.
Observation 1: By configuring a separate SCellIndex for the SUL carrier, the LTE PHR format can be reused.
Proposal 9: The SUL carrier is configured with a separate SCellIndex.
According to the MAC specification [3], the SCellIndex is also used for the “SCell Activation/Deactivation MAC CE”. According to our Proposal 5, the SCellIndex of the SUL carrier should not be used for the “SCell Activation/Deactivation MAC CE”. Alternatively if the “SCell Activation/Deactivation MAC CE” uses the SCellIndex of the SUL carrier, the activation/deactivation field (i.e. Ci [3]) corresponding to the SCellIndex of the SUL carrier shall always be set to “1” to keep the SUL carrier activated, and the sCellDeactivationTimer shall not be applied to the SUL carrier of the PSCell. To avoid the specification impacts in the MAC, we consider that the SCellIndex of the SUL carrier is not used in the “SCell Activation/Deactivation MAC CE”.
Proposal 10: The SCellIndex of the SUL carrier is not used in the SCell Activation/Deactivation MAC CE.

2.5. ServCellIndex
According to the TS 36.331, “ServCellIndex” is used for the following cases:
1) Measurement gap configuration per cc (i.e. measGapConfigPerCC-List and PerCC-GapIndication)
2) SRS switching (i.e. srs-SwitchFromServCellIndex)
3) Aperiodic CSI reporting (i.e. aperiodicCSI-Trigger)
4) Cross carrier scheduling (i.e. schedulingCellId of RRC and “CIF” field of DCI)
5) Measurement result of serving cell (i.e. MeasResultServFreqList)
Regarding the Case 1 of the measurement gap configuration per cc, we consider that a separate measurement gap configuration can also be used for the SUL carrier. But we consider that RAN2 needs to firstly decide if the SUL carrier needs a measurement gap different from the non-SUL carrier. From the UE radio capability, the SUL carrier can be the lower frequency (e.g. below 6GHz), and the non-SUL carrier + DL carrier can be the higher frequency (e.g. above 6GHz). Then it is possible that the SUL carrier needs a measurement gap, but the non-SUL carrier does not need it. According to our understanding, if a separate “ServCellIndex” is configured for the SUL carrier, the measurement gap configuration per cc as in LTE can be re-used for the SUL carrier. Then for the per-cc measurement gap, the SUL carrier is considered as a separate cell as indicated by ServCellIndex.
Regarding the Case 2 of the function of SRS switching, the “ServCellIndex” used in “srs-SwitchFromServCellIndex” is to indicate whether the UE is allowed to temporarily suspend the UL transmission on a serving cell (as the “ServCellIndex”indicated by “srs-SwitchFromServCellIndex”) with PUSCH in the same CG to allow the PUSCH-less cell to transmit SRS during SRS transmission on a PUSCH-less cell. According to RAN1 agreements, “the default location of the PUSCH is the same carrier as used by PUCCH”. According to the RAN2#99bis discussion, the SUL carrier should be the carrier configured with just SRS configuration. Thus it is not essential to configure “ServCellIndex” for the SUL carrier for SRS switching.
Regarding the Case 3 of the aperiodic CSI reporting, the “aperiodicCSI-Trigger” is only used to “indicate for which serving cell(s) the aperiodic CSI report is triggered”. This indication is only related to the downlink of the serving cell. Thus there is no need to configure “ServCellIndex” for the SUL carrier for the aperiodic CSI reporting.
Regarding the Case 4 of the cross carrier scheduling, the “schedulingCellId” is used to indicate “which cell signals the downlink allocations and uplink grants”. According to the TS 36.213, “the carrier indicator field value is the same as ServCellIndex”. However whether to re-use the “ServCellIndex” for the 3bits CIF or to define a new 1bit CIF field in the DCI is still an on-going discussion in RAN1. Then the discussion on the use case of “ServCellIndex” for cross carrier scheduling can be suspended in RAN2 until further inputs from RAN1 are received.
Regarding the Case 5 of the measurement result of serving cell, as the SUL carrier is only uplink, there is no need to introduce the “ServCellIndex” for the SUL carrier for the measurement result.
According to the analysis given above, the “ServCellIndex” for the SUL carrier is required only for the per-cc measurement gap. 
Observation 2: The ServCellIndex for the SUL carrier is needed if the SUL carrier needs a measurement gap different from the non-SUL carrier.
Proposal 11: RAN2 is kindly request to discuss whether the SUL carrier can be configured with a separate measurement gap and a separate ServCellIndex.

2.6. UL HARQ entity per cell or per carrier
According to the running TS 38.321 [3], each cell has one corresponding DL HARQ entity and one corresponding UL HARQ entity. According to RAN1 agreements, “a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier”. From our understanding, the HARQ retransmission can continue when the UL carrier is changed for the PUSCH transmission. By sharing the same HARQ entity for both SUL carrier and non-SUL carrier, the current HARQ procedure in MAC can be reused to support the HARQ retransmission at the change of the PUSCH carrier.
Proposal 12: The SUL carrier and non-SUL carrier share the same HARQ entity.

2.7. Timing advance group
From our understanding, the SUL carrier can be used for both collocated and non-collocated scenarios. However, if the SUL carrier is used in the non-collocated scenario, the SUL carrier could be in a different TAG from the non-SUL carrier of the same cell. As illustrated in Figure 1, the UE is only configured with one downlink carrier for both SUL carrier and non-SUL carrier. Two different TAGs would require two different downlink timing reference cells. Then how to maintain the separate uplink timing of the SUL carrier would require extra standard efforts in both RAN1 and RAN2. To save our discussion time, we consider that the SUL carrier and non-SUL carrier are in the same TAG in Rel-15. The non-collocated scenarios of the SUL carrier can be discussed further in the future release.
Proposal 13: The SUL carrier and non-SUL carrier are in the same TAG.

2.8. SPS/grant free configuration
According to the RAN2 NR discussion, SPS (Type 2) and grant-free (Type 1) uplink transmission can be active simultaneously for PCell, PSCell and SCell. For the PUSCH transmission of SUL carrier, RAN2 agreed that simultaneous PUSCH transmission on both SUL carrier and non-SUL carrier is not supported. However, as the uplink transmission is controlled by the network, the SPS/Gran free PUSCH for both non-SUL carrier and non-SUL carrier can still be allowed in a TDM manner, and active simultaneously.
Proposal 14: RAN2 is kindly requested to discuss if SPS/GF configuration is allowed on the SUL carrier, and if simultaneous configurations of SPS/GF on both SUL carrier and non-SUL carrier are supported.

3. Conclusion
In this contribution, we discuss the stage-2 issues of SUL carrier, and the proposals and observations from our side are given as follows:
Observation 1: By configuring a separate SCellIndex for the SUL carrier, the LTE PHR format can be reused.
Observation 2: The ServCellIndex for the SUL carrier may be needed for the per-cc measurement gap.
Proposal 1: RAN2 is kindly requested to discuss whether the SUL carrier of SCG can be the same frequency as MCG in EN-DC.
Proposal 2: If the SUL carrier of SCG is the same frequency as MCG in EN-DC, the TDM uplink transmission on the same frequency of both MCG and SCG is used. 
Proposal 3: An LS is sent to RAN3 to inform them of the TDM coordination between MN and SN for the intra-frequency EN-DC.
Proposal 4: For EN-DC the SUL carrier is configured only for PSCell.
Proposal 5: The SUL carrier of the PSCell is always activated when the SUL carrier is configured.
Proposal 6: The SUL carrier is only added via PSCell addition/change procedure.
Proposal 7: The SUL carrier can be released at any point of time if the location of PUCCH is not changed.
Proposal 8: The location (either on the SUL carrier or on the non-SUL UL carrier) of the PUCCH is only changed via PSCell change procedure.
Proposal 9: The SUL carrier is configured with a separate SCellIndex.
Proposal 10: The SCellIndex of the SUL carrier is not used in the SCell Activation/Deactivation MAC CE.
Proposal 11: RAN2 is kindly request to discuss whether the SUL carrier can be configured with a separate measurement gap and a separate ServCellIndex.
Proposal 12: The SUL carrier and non-SUL carrier share the same HARQ entity.
Proposal 13: The SUL carrier and non-SUL carrier are in the same TAG.
Proposal 14: RAN2 is kindly requested to discuss if SPS/GF configuration is allowed on the SUL carrier, and if simultaneous configurations of SPS/GF on both SUL carrier and non-SUL carrier are supported.
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Annex A

	
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




RAN1#90bis:
	Agreement: 
· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement
· FFS in DCI discussion whether the SUL CIF is always present 
· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· 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



	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



Annex B
The following PHR format is extracted from the running TS 38.321:
----------------------------- extracted from the running TS 38.321------------------------------------------------------------
The PHR MAC CEs are defined as follows:
-	Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the SCell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the SCell with SCellIndex i is not reported;
-	R: reserved bit, set to "0";
-	V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. Furthermore, for Type 1 and Type 2 PH, V=0 indicates the presence of the octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;
-	Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1;
-	P: this field indicates whether the MAC entity applies power backoff due to power management. The MAC entity shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;
-	PCMAX,c: if present, this field indicates the PCMAX,c or P̃CMAX,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2.


Figure 6.1.3.8-1: Extended PHR MAC CE with the highest SCellIndex of SCell with configured uplink is less than 8
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