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1. [bookmark: OLE_LINK3]Introduction
[bookmark: OLE_LINK1]At RAN2 #99bis meeting RAN2 achieved 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

At the last RAN1# 90B meeting, the following agreements were achieved with respect to SUL.
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
Since there is some limitation on the use of UL channels in a SUL band combination, in this paper, the impact of two carriers on UP and MAC function will be discussed in detail.

1. [bookmark: OLE_LINK9]Discussion
In our contribution [1] the configuration of PUSCH and PUCCH channel could be summarized in 3 cases as following:
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Figure 1
For case 2, this cell is basically a normal NR carrier from UE point of view. Thus there is nothing special in MAC layer.
Conclusion1: for configuration case2 in Figure1 there is no any additional impact on MAC layer
For case 1, the SUL carrier is not paired uplink carrier of the downlink carrier, then there is some impact. RAN1 agreed following agreement in RAN1#90 meeting:
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.
The difference between uplink and downlink pathloss will be reflected in power control procedure in physical layer including RACH procedure. It will be certainly also impact the PHR report. However we think this impact should be reflected in RAN1’s spec when PHR is calculated regardless PHR type i.e. there is no direct impact on PHR report in MAC layer. But one thing is sure that SUL carrier will take DL carrier it supplements as pathloss reference. And this should be also true for case 2 and case 3.
Proposal1: when UE is configured with SUL carrier for uplink transmission, UE should take DL carrier in the same cell as pathloss reference.
Another issue is about time alignment procedure. Before UE send preamble UE has achieved downlink synchronization based on the downlink carrier SUL carrier supplements. And UE should send preamble based on the downlink timing of the downlink carrier where it gets downlink synchronization. In this sense the downlink carrier should be the timing reference for SUL carrier. And this should be also true for case 2 and case 3.
Proposal2: when UE is configured with SUL carrier for uplink transmission, UE should take DL carrier in the same cell as timing reference.
For case 3.1 and 3.2, RAN2 agreed that no simultaneous PUSCH transmission is allowed. The agreement is motivated that there is only one HARQ entity for one serving cell in one MAC entity. From MAC layer point of view it also means there is only one UL-SCH transport channel in this cell. But this UL-SCH transport channel could be mapped on to two PUSCH channels on SUL carrier and non-SUL carrier respectively. This could be depicted in following Figure:
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Figure 2
And how does UL-SCH map on to two PUSCH channels could be left for RAN1. 
Proposal3: if PUSCH is configured on both SUL carrier and non-SUL carrier in the same cell, still there is one UL-SCH channel which could be mapped on to two PUSCH channels.

A cell with SUL carrier should allow UE to camp to enable initial access procedure. Plus PUCCH is always configured within the cell. The main intention of the SUL carrier is to help resolve potential uplink coverage issue. That implies without SUL carrier UE might have uplink coverage problem and it can’t be resolved by other normal NR carrier otherwise SUL carrier is not necessary. 
Proposal4: A cell configured with SUL carrier should be always configured as PCell or PSCell, but not SCell.

The main benefit of this modeling in Figure2 is that we don’t have to touch MAC layer too much. But still there is some impact. Following analysis is based on the assumption that either case3.1 or case 3.2 is configured for UE.
1. Maintenance of Uplink Time Alignment
The application scenario for SUL carrier is co-located with non-SUL UL carrier. Thus the transport delay from SUL carrier and non-SUL carrier is the same. There might be some propagation difference between SUL carrier and non-SUL carrier. However the difference could be less than CP length considering the coverage itself is not wild. By proposal2, same downlink carrier is taken as timing reference. Therefore the TA between SUL carrier and non-SUL uplink carrier is the same. One thing need clarification is the TA granularity. RAN1 agreed different TA granularity will be defined for different SCS. In case SUL carrier and non-SUL carrier are configured with different SCS, then gNB should take finer granularity for both SUL carrier and non-SUL carrier.
Proposal5:  uplink synchronization of SUL carrier and non-SUL carrier can be maintained by same TA command.
Proposal5a: In case different SCS is configured for SUL carrier and non-SUL carrier, then finer TA granularity should be used.
1. HARQ
At first, there is only one HARQ entity for SUL carrier and non-SUL UL carrier. At RAN1 #AH_2 meeting, RAN1 has been achieved following agreements: 
Agreements:
· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.

For initial transmission, the different HARQ process ID can be allocated for different TB in SUL carrier or non-SUL UL carrier. And Re-transmission of a TB between SUL carrier and non-SUL UL carrier is not supported. So, in order to support the re-transmission of a TB in the same UL carrier, the re-transmission PUSCH should be timely scheduled back to the carrier for initial transmission.
Proposal6: Re-transmission of a TB between SUL carrier and non-SUL UL carrier is not supported. 
1. Power Headroom Reporting
RAN1 agreed that there is configurable compensation of pathloss between SUL carrier and normal downlink NR carrier. If could be reflected in the parameter P0. That would means the change of pathloss will be same between SUL carrier and non-SUL carrier considering they take same DL carrier as pathloss reference per proposal 1. Thus there is no new trigger should be introduced due to SUL.
Proposal7: no new PHR trigger is needed for SUL

For the configuration case 1 in Figure1, the pathloss compensation could be taken into account by RAN1 when PHR is calculated. And MAC layer will simply fetch it when necessary. Therefore nothing new need be introduced in MAC layer.
For the configuration case3 in Figure 1, the situation is bit complicated. Per proposal4, a cell with SUL carrier should be always configured as PCell or PSCell. Therefore the serving cell with SUL carrier will have type2 PHR. Because only one dedicated PUCCH channel will be configured on either uplink carrier, the type2 PHR should be report for the carrier where PUCCH is configured. Again if PUCCH is configured on SUL carrier, the pathloss compensation could be left for RAN1.
In addition PUSCH transmission is possible on both uplink carriers but not simultaneously. The type1 PHR could be quite different considering they have different pathloss and belongs to different band. Therefore one type 1 PHR per uplink carrier should be reported.
The PCMAX,c between SUL carrier and non-SUL carrier could be the same due to the fact that there is no simultaneous PUSCH transmission. However they could be also different considering they belong to different band most likely. In order to avoid any forward compatibility issue we propose to report independent PCMAX,c for them.
Proposal8: when UE is configured PUCCH on either of SUL carrier or non-SUL carrier, UE should report one type2 PHR based on the uplink carrier where PUCCH is configured
Proposal9: when UE is configured with PUSCH on both SUL carrier and non-SUL carrier, UE should report one type1 PHR for both SUL carrier and non-SUL carrier respectively
Because SUL carrier and non-SUL carrier share same cell index due to the fact they belongs to the same serving cell, we need use “R” bit in current PHR format to indicate whether one more type1 PHR is followed for the same serving cell or not. And the order of the carrier should be fixed in the spec to make the PHR format simple. Here are two examples:
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Type 1 PHR format for PCell
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Type1 PHR format for PSCell
Proposal10: to agree these two type1 PHR formats
1. Semi-Persistent Scheduling
At last RAN2 meeting following agreement regarding SPS was agreed:
Agreements:
1. SPS/GF operation can be active simultaneously for PCell/PSCell and SCell.   This applies to both Type 1 and Type 2.  
2. For SPS, no optimizations to MAC CEs are pursued to support simultaneous activation/deactivation. The UE identifies the serving cell based on the grant mechanism (i.e. nothing special needs to be done)
3. SPS is configured per serving cell.  For SPS, multiple SPS configurations per serving cell are not supported.  
SPS/GF configuration is configured per serving cell. And cell with SUL is modeled as one cell therefore there is also up to one SPS/GF configuration. One thing need to be clarified is that whether resource across SUL and non-SUL carrier is allowed. If radio resource is configured (type1) or activated (type2) on only one uplink carrier all the functionality will be the same as other normal cell i.e. with only one pair of carrier. Furthermore the RRC configuration will be also simple compared to configuration across uplink carriers. 
Proposal11: for cell with SUL, SPS/GF configuration in the uplink should be configured (activated) only on one uplink carrier.
1. Logical channel prioritization
At the RAN2#97 meeting, RAN2 has been achieved following agreements:  
Agreement：
1.	Priority, PBR concept is used in NR as a baseline.
3.	Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently.
5.	Logical Channel Priority is configured per MAC entity per logical channel.
6.	PBR is not configured per numerology, it is per “logical channel” as in LTE.
7.	Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.

It is possible that SUL carrier and non-SUL carrier is configured with different numerology. Therefore one logical channel can be mapped on either SUL carrier or non-SUL carrier or both. For logical channel mapped on two both SUL carrier and non-SUL carrier there is only one UL-GRANT will be received considering simultaneous PUSCH transmission is not allowed for cell with SUL. RAN2’s agreement also shows that key parameter PRB and Bj has nothing to do with numerology. As a result, the Logical Channel Prioritization procedure is not impacted by SUL feature.
Conclusion2: LCP is not impacted by SUL feature
1. Scheduling Request
In order to distinguish ”numerology/TTI type” of the logical channel that triggered the SR, multiple SR resources can be configured to the UE. At RAN2 #99B meeting, RAN2 has been achieved following agreements: 
Agreements:
· An SR configuration consists of a collection of sets of PUCCH resources across different BWPs and cells with the following constraints:
· –	Per cell, at any given time there is at most one usable PUCCH resource per LCH
· –	This corresponds to the case of one single LTE-like set of SR PUCCH resources being configured per LCH per BWP, and only one BWP being active at a time

According to the RAN1’s 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”, so all the PUCCH resources for SR can be configured on the SUL carrier or on a non-SUL UL carrier. SUL carrier will be most likely configured with one BWP considering it is a low spectrum carrier. And non- SUL carrier could be configured more than one BWP but only one BWP will be activated. That means there could be up to two BWPs are activated in the serving cell but only one BWP will be configured with PUCCH resource. Based on this analysis we didn’t see any impact on SR procedure.
Conclusion 3: there is no impact on SR procedure by SUL 
1. Buffer Status Reporting
At RAN2 #97 meeting, RAN2 has agreed “the existing LTE BSR framework is used as baseline for NR BSR framework”. As LTE, BSR is be used for reporting the amount buffered data of logical channels and is irrelevant with the available UL resource. 
Conclusion 4: there is no impact on BSR procedure by SUL
1. Discontinuous Reception (DRX)
At RAN2 AH#2 meeting, RAN2 has agreed: ”As a baseline, a single DRX configuration like in LTE will be supported.” DRX is a mechanism about monitoring CORERET, hence, no matter whether SUL carrier exists or not, the DRX remain unchanged.
Conclusion 5: no matter whether SUL carrier exists or not, the DRX remain unchanged.  
1. Conclusion
Conclusion1: for configuration case2 in Figure1 there is no any additional impact on MAC layer
Conclusion2: LCP is not impacted by SUL feature
Conclusion 3: there is no impact on SR procedure by SUL 
Conclusion 4: there is no impact on BSR procedure by SUL
Conclusion 5: no matter whether SUL carrier exists or not, the DRX remain unchanged. 

Proposal1: when UE is configured with SUL carrier for uplink transmission, UE should take DL carrier in the same cell as pathloss reference.
Proposal2: when UE is configured with SUL carrier for uplink transmission, UE should take DL carrier in the same cell as timing reference.
Proposal3: if PUSCH is configured on both SUL carrier and non-SUL carrier in the same cell, still there is one UL-SCH channel which could be mapped on to two PUSCH channels.
Proposal4: A cell configured with SUL carrier should be always configured as PCell or PSCell, but not SCell.
Proposal5:  uplink synchronization of SUL carrier and non-SUL carrier can be maintained by same TA command.
Proposal5a: In case different SCS is configured for SUL carrier and non-SUL carrier, then finer TA granularity should be used.
Proposal6: Re-transmission of a TB between SUL carrier and non-SUL UL carrier is not supported. 
Proposal7: no new PHR trigger is needed for SUL
Proposal8: when UE is configured PUCCH on either of SUL carrier or non-SUL carrier, UE should report one type2 PHR based on the uplink carrier where PUCCH is configured
Proposal9: when UE is configured with PUSCH on both SUL carrier and non-SUL carrier, UE should report one type1 PHR for both SUL carrier and non-SUL carrier respectively
Proposal10: to agree these two type1 PHR formats
Proposal11: for cell with SUL, SPS/GF configuration in the uplink should be configured (activated) only on one uplink carrier.
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Figure 4.2.1-1: MAC structure overview
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