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Introduction
Supplementary uplink (SUL) was introduced in Rel-15 to improve uplink coverage. In this contribution we investigate if the current modelling of SUL in MAC is correct.
[bookmark: _Ref178064866]Discussion
Supplementary uplink (SUL) is introduced to improve uplink coverage. The supplementary uplink is typically on a lower carrier frequency than the normal uplink (NUL) associated with the downlink and the UE uses the SUL when radio conditions on the normal UL are bad.


Figure 1 – Figure B.1-1 from 38.300 illustrating the coverage improvement with SUL.
From a modelling perspective there is a PUSCH on each SUL and NUL. The UE will never transmit on both NUL and SUL at the same time, thus at most one of them can be considered active at any point in time.
[bookmark: _Toc501458095]NUL (normal uplink) and SUL (supplementary uplink) are never used simultaneously for PUSCH transmissions.
Modelling
TS 38.202 describes the association between transport channels and physical channels. PUSCH is associated with UL-SCH. One open question from a modelling perspective is whether UL-SCH shall be associated with one or two PUSCH when a cell is configured with SUL. TS 38.202 states that a UE may support p PUSCH, but if SUL is configured, then the UE supports p-1 PUSCH. 
TS 38.321 states that 
If the MAC entity is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL-SCH as well as multiple RACH per MAC entity; one DL-SCH and UL-SCH on the SpCell, one DL-SCH, zero or one UL-SCH and zero or one RACH for each SCell.
This text should be revised with SUL in mind and during the e-mail review there were requests to update it. We also note that there is no text covering the number of DL-SCH, UL-SCH, and RACH per MAC entity in case there is no SCell.
[bookmark: _Toc501458096]Add text describing the number of DL-SCH, UL-SCH, and RACH per MAC entity in case there is no SCell.
For the aspect of SUL we think two models can be considered.
Option 1 – One UL-SCH maps to one PUSCH
In this model, one UL-SCH maps to one PUSCH. This means that a cell would then consist of one DL-SCH, one RACH, and two UL-SCHs (one associated to the PUSCH on NUL and one associated to the PUSCH on SUL). This would imply additional functionality needs to be added to MAC describing which UL-SCH to select for a transmission. The current mechanism to select between SUL or NUL is carried in the UL grant and is described in PHY specs. Introducing a similar mechanism in MAC would only create redundancy without gain.


Figure 2 – One UL-SCH maps to one PUSCH
Option 2 – One UL-SCH maps to two PUSCHs
In this model, one UL-SCH maps to two PUSCHs, each corresponding to NUL or SUL. Hence, a cell would have one DL-SCH, one RACH, and one UL-SCH (which is then associated with two PUSCHs). This fits better to the current model. Also, as only one of the PUSCHs will ever transmit at the time, one could view it as there is really only one PUSCH active at any point in time.


Figure 3 – One UL-SCH maps to two PUSCHs
Evaluation
Option 2 maintains the legacy property that a cell can contain one DL-SCH, one UL-SCH and one RACH and should therefore result in less impact on MAC. Which PUSCH to use is determined by the UL grant need not be modelled explicitly in MAC.
[bookmark: _Toc501458097]Also with SUL, one cell contains of one DL-SCH, one UL-SCH, and one RACH in MAC.
This means that the corresponding text in TS 38.321 need not be revised in the light of SUL. However, as previously mentioned, some text should be added to describe the situation when no SCell is added. This is provided in [1].
Conclusion
In section 2 we made the following observations:
Observation 1	NUL (normal uplink) and SUL (supplementary uplink) are never used simultaneously for PUSCH transmissions.

Based on the discussion in section 2 we propose the following:
Proposal 1	Add text describing the number of DL-SCH, UL-SCH, and RACH per MAC entity in case there is no SCell.
Proposal 2	Also with SUL, one cell contains of one DL-SCH, one UL-SCH, and one RACH in MAC.
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