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1   Introduction
Supplementary uplink (SUL) was agreed with the purpose of LTE-NR coexistence. According to the requirement of RAN plenary, SUL support shall be finalized before December. During last RAN2 #99bis meeting, discussions on SUL were initiated regarding configuration and switch between SUL and non-SUL within the same cell [1].
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.

However, there is no analysis of Stage 3 UP and current agreements achieved so far may need to be revisited with the introduction of SUL. In this contribution, we intend to provide an overview of UP impact by SUL by reviewing MAC procedures case by case. 
2   Discussion 
2.1 RA procedure
Firstly, when the UE initiates initial access while camping in a SUL-capable cell, it was agreed in RAN1 to introduce the operation of SUL carrier selection based on a threshold configured in RMSI. It would allow the UE to select the SUL carrier if and only if the RSRP on the DL carrier is not satisfied compared to the threshold in order to enable the RA procedure by the assistance of the SUL carrier. After selected UL carrier, the RA procedure is expected to be completed with all UL transmissions on the same carrier. Since there is only 1 DL but with 2 ULs for a UE, therefore RAR needs to be distinguished at the MAC entity between the cases where identical preambles are sent on SUL and on non-SUL. More analysis of RA procedure impact by SUL can be found in [2].
Proposal 1: MAC spec needs to capture the SUL selection and RA collision should be well addressed.
2.2 Maintenance of Uplink TA

Due to the fact that SUL and non-SUL are both located within the same gNB, distance between the UE and gNB is the same and propagation can be regarded as almost the same. Therefore the already captured agreement to reuse the TimeAlignmentTimer per TAG can apply to the SUL capable cell. The timer can be used to control how long the MAC entity considers the Serving cells belonging to the associated TAG to be uplink time aligned. In addition, the same TA command can apply to both SUL and non-SUL within the same cell and the UE behavior when the timer expires including flush HARQ buffers, PUCCH release etc on basis of serving cell can maintain the same in support of SUL. Regarding the TA steps applied for different SCS within the same TAG can be concluded by RAN1, which has been captured into RAN1 email discussion. 
Proposal 2: One single TA timer and one TA command can be applied for both SUL and non-SUL.
2.3 UL-SCH data transfer
After the UE enters to the connected mode, as agreed the following four cases can be configured to the UE with respect to SUL as shown in Table 1. Regarding Case 1 and 2, both PUCCH and PUSCH can be configured either on non-SUL or SUL carrier, while PUSCH can be configured on both UL carriers while only one carrier can be configured with PUCCH. It can be foreseen that both Case 1 and 2 can be regarded as normal operation for connected mode with a single UL carrier and DL carrier. While for Case 3 and 4, as illustrated by Figure 1, from MAC perspective, one UL-SCH can be switched dynamically between PUSCH on either SUL or non-SUL with one location of PUCCH, based on the RAN 1 agreements as follows,
Table 1: Agreed four cases

	Case 
	non-SUL (3.5GHz)
	SUL (1.8GHz)

	Case 1
	PUCCH + PUSCH
	N/A

	Case 2
	N/A
	PUCCH + PUSCH

	Case 3
	PUCCH + PUSCH
	PUSCH

	Case 4
	PUSCH
	PUCCH + PUSCH
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Figure 1.MAC modelling of Case 3 and 4 


· 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
Therefore, it allows the UE to transmit UL-SCH on either carrier signalled by DCI from the network dynamically. Given the working assumption in RAN2 that one HARQ entity is required per serving cell, HARQ operation with SUL needs to be revisited. 
Agreements on HARQ:

-
RAN2 aims to make the L1 HARQ feedback transmission scheme (PUCCH, mapped to PUSCH, timing) transparent to MAC specification.
-
Working assumption: One HARQ entity should only serve one carrier. 
-
HARQ information shall at least include the NDI, TBS, RV, and HARQ Process ID
-
A UE not using DL spatial multiplexing shall expect at most one TB per HARQ process.
-
A UE can transmit at most one TB per UL HARQ process per TTI.
Due to the consensus that simultaneous transmission within one slot on both UL carriers is excluded, one HARQ entity can serve per cell even in the case of SUL with two ULs, and therefore the working assumption of one HARQ entity needs to be revisited by taking SUL into account. More analysis of HARQ can be found in [3].
Proposal 3: It is assumed that one HARQ entity should only serve on cell regardless whether two UL or one UL is configure in a cell.
2.4 PHR
With the introduction of SUL, it can be foreseen that the scheduling can be on basis of per UL carrier, no longer per cell in terms of uplink. In that case, it is beneficial for the gNB to be aware of power headroom of both SUL and non-SUL even though one transmission can only occur on one of configured ULs. From our understanding, the motivation of PHR to indicate all SCells once it is triggered can apply to the SUL case. Hence, PHR trigger conditions and corresponding PHR format needs to be revised to handle SUL case. More analysis and detailed proposals can refer to our another contribution on PHR in particular [4].
Proposal 4: NR PHR trigger and format needs to be revised by taking SUL into account.
2.5 DRX

As one baseline, RAN2 decided to have a single DRX configuration like in LTE in NR and multiple configurations for different numerologies have been excluded by RAN2. Accordingly, a MAC entity can be in one DRX state at any given time. The unit of DRX related timers may need to be revisited due to the introduction of SUL with a different numerology from non-SUL. Per the agreements made on DRX timers as follows,

Agreements:

1.
The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms.  The values are FFS.

2.
The long and short DRX cycles should be in ms.  
3.
FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC 

4.
HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)
5.   As in LTE, include functionality related to the MAC CEs DRX Command and Long DRX Command
The unit of on duration and inactivity timer is numerology independent, so we don’t see a need to revise the corresponding agreements on time units. In case of UL carrier switch, the MAC entity could maintain one on duration and inactivity timer once configured. However, for the UL retransmission and UL HARQ RTT timers, which are operated per HARQ process, should be dependent on the numerology of corresponding scheduled transmission. This is actually not only applied to the case where the SUL and non-SUL carrier has different numerologies, but also applied to all other cases where the UL would use different numerologies. Therefore it is proposed that those timers should be configured per numerology for UL transmission.
Proposal 5: UL retransmission timer and UL HARQ RTT timer can be configured per numerology.
2.6 GF/SPS

As agreed in RAN1 and RAN2, the simultaneous transmission on both PUSCH is not supported and the UL data transmission is performed based on gNB DCI scheduling. While, the GF/SPS transmission does not require gNB scheduling, which means if both ULs are configured with GF/SPS, simultaneous transmission may be performed. Based on this assumption, the gNB is able to avoid the simultaneous transmission by TDM solution, i.e., the GF/SPS resources on normal UL and SUL are separated in time domain. More analysis can be found in our contribution [5].
Proposal 6: GF/SPS can be configured and operated per carrier within the same cell. 
2.7 Activation/Deactivtion of SCell
RAN2 already made the following agreements regarding SCell activation, 

Agreements

1. The initial state of a configured SCell is deactivated.  Whether the SCell activation state can be configurable, can be discussed after December timeframe.
2. From RAN2 point of view, no additional mechanisms other than MAC CE are needed for SCell activation/deactivation 

The PCell and PSCell are always activated in LTE. For one Spcell with SUL capability in uplink, it can be regarded as “activation” once SUL is configured. However, for a SCell configured with SUL, the initial state of “SUL” needs to be discussed. Given that no MAC for activation of SUL is captured, it is likely to decouple the SUL configuration and initial state of SCell from the simplicity of standard efforts. Once SUL is configured and enabled by RRC on SCell, the MAC shall active the SCell, e.g. to start PUSCH transmissions (regardless on SUL or non-SUL), after receiving a dedicated SCell activation MAC CE by implementation.
Proposal 7: SUL has no impact on SCell activation/deactivation in MAC spec.
2.8 Scheduling aspects
Regarding scheduling aspects in terms of SR, BSR, LCP, we think that normal NR procedure can apply to both SUL and non-SUL without obvious impacts. For instance, whether one LCH can be mapped to SUL carrier or not depends on LCP restriction. BSR trigger and cancellation condition can be still maintained no matter the BSR MAC CE is scheduled and assembled on SUL carrier or non-SUL carrier from MAC point, and the BSR format can still be kept since it reflects the buffer status per MAC entity, which is irrelevant to the carrier. 
Proposal 8: It is foreseen that SR, BSR and LCP in NR can be reused for SUL.
3   Conclusion

In this contribution, the SUL impact on MAC in NR was discussed and the following proposals were provided:
Proposal 1: MAC spec needs to capture the SUL selection and RA collision should be well addressed.

Proposal 2: One single TA timer and one TA command can be applied for both SUL and non-SUL.

Proposal 3: It is assumed that one HARQ entity should only serve on cell regardless whether two UL or one UL is configure in a cell.

Proposal 4: NR PHR trigger and format needs to be revised by taking SUL into account.

Proposal 5: UL retransmission timer and UL HARQ RTT timer can be configured per numerology.

Proposal 6: GF/SPS can be configured and operated per carrier within the same cell. 

Proposal 7: SUL has no impact on SCell activation/deactivation in MAC spec.

Proposal 8: It is foreseen that SR, BSR and LCP in NR can be reused for SUL.
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