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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#89 [2], there were some conclusions on supplementary UL frequency (SUL) for access /transmission and sharing with LTE, as follows:
	Agreements:

· 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:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:

· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)


In RAN1 NR#3 meeting [3], the following conclusions on SUL were made. 
	Agreements:

· 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


In RAN1#90bis meeting [4], the following conclusions on SUL were made.

	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


This contribution provides our views on the remaining issues of SUL, e.g. SUL scheduling, feedback and power control etc. 
2 Discussion
In this paper, the design is aiming to be common for all SUL deployment scenarios including NR UE in SA and NSA mode, as well as UL sharing from network perspective and UE perspective. 
2.1 On scheduling issues for SUL
It is necessary to first clarify that the indicator field in above agreements is used to indicate a proper UL within one serving cell with SUL. Such field is a separate one compared to the CIF in carrier aggregation because this filed will be present even in non-CA scenario. Since this field is used to indicate one of the two ULs in the same cell, we use the term “singleCell_UL_index” or “SC_UL_index” in short.
If we only consider a cell with two ULs, it is feasible that the value of “SC_UL_index” is fixed by specification, i.e. SC_UL_index = 0 indicates the UL and SC_UL_index = 1 indicates the SUL. Then such parameter SC_UL_index can be used in RAN1 signaling or RRC signaling, to indicate one of the two ULs (i.e. UL and SUL) in a cell. 
Proposal 1: For a serving cell with SUL, SC_UL_index = 0 refers to the NR UL and SC_UL_index = 1 refers to the SUL in the same serving cell. The parameter “SC_UL_index” can be used in L1/2/3 signaling to indicate the NR UL or the NR SUL.
· Note: The NR UL linked to the NR DL according to the NR general operating band is termed as “UL”

· Note: The NR SUL linked to the NR DL according to the SUL band combination is termed as “SUL”
For a cell with SUL, it has been agreed that PUSCH can be configured on one or two ULs via RRC signaling. During the RRC reconfiguration to add an additional UL for potential PUSCH transmission, it is important that the communication between gNB and UE is maintained, typically by the means of fallback DCI. Further, it is desirable that the DCI size of the fallback DCI does not change before and after the addition of second UL for potential PUSCH transmission. This reduces the UE PDCCH blind detection complexity during the RRC reconfiguration period, since otherwise the UE needs to detect two fallback DCI sizes. Consequently, the SC_UL_index shall be always present in the fallback DCI, irrespective of PUSCH is configured on one or two ULs in the same cell.

Proposal 2: For a serving cell with SUL, a 1-bit field SC_UL_index is always present in the fallback DCI for PUSCH scheduling on UL and SUL. 
For the non-fallback DCI for PUSCH scheduling, when NR UL and SUL are both configured for potential PUSCH transmission, it has been agreed that a field is included in the DCI to indicate which UL is scheduled. It is also desirable that the size of the non-fallback UL grant is the same for NR UL and SUL, such that the same search space can be shared between the DCI for NR UL and SUL PUSCH scheduling without increasing the PDCCH blind detection due to two ULs in the same cell. 
Proposal 3: In a cell with SUL and for a UE configured with both ULs for potential PUSCH transmission,
· the DCI payload size of non-fallback UL grant scheduling NR UL and NR SUL is identical;

· 1-bit SC_UL_index is present in the non-fallback UL grant scheduling NR UL and NR SUL;

· Size matching is performed between the non-fallback UL grants for NR UL and NR SUL;

· the non-fallback UL grant for NR UL and NR SUL can be transmitted in the same search space, i.e. no need to define separate search spaces for NR UL and NR SUL. 
When only one of NR UL and NR SUL is configured for potential PUSCH transmission, the DCI payload size of the non-fallback UL grant is determined based on the UL configured for potential PUSCH transmission. Note that the SC_UL_index can be also present in this case for simplicity.

Proposal 4: In a cell with SUL and for a UE configured with only one of the ULs for potential PUSCH transmission, the DCI payload size of non-fallback UL grant is determined based on the UL configured for potential PUSCH transmission.

It has also been agreed that the UL waveform can be configured by RRC signaling. For a cell with SUL, it is useful that the UL waveform can be independently configured per UL. This provides better flexibility at the network side, for example, multiple MIMO streams with CP-OFDM waveform on one UL while single stream with DFT-s-OFDM waveform on the other UL.
Proposal 5: Support independent RRC configurations on UL waveform for PUSCH on NR UL and PUSCH on NR SUL.
For a cell with SUL, if both ULs are configured for potential PUSCH transmission of a UE, it may happen that the number of PDCCH monitoring occasions within a radio frame may be less than the number of PUSCH transmission opportunities within a radio frame. In other words, the number of DL slots may be less than the number of UL slots in a radio frame. Thus, to be able to schedule PUSCH in all UL slots, more than one UL grant may be transmitted within one PDCCH monitoring occasion. Note that this is a general requirement for NR since such situation (i.e. less PDCCH monitoring occasions than PUSCH transmission opportunities) can happen even without SUL. 
Proposal 6: In each PDCCH monitoring occasion, a UE may monitor up to X (>1) UL DCI in the same search space.
There is a working assumption that the numerology of UL and SUL can be different from RAN1 NR AH #3. We first propose to confirm this working assumption.

Proposal 7: Confirm the working assumption that the numerology of UL and SUL can be different.

In case the numerologies of UL and SUL in a cell are different, it is necessary to clarify the unit of K1 and K2 in the DL grant and UL grant respectively. There has been agreement on the CA case with different numerologies (as following), which can be reused for UL/SUL:
	In email discussion [NRAH2-10], the following is agreed for CA

Agreements:
· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.
· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.
·  HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

– The time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.


Proposal 8: For a serving cell with SUL and different numerologies for UL and SUL, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission. 
Proposal 9: For a serving cell with SUL and different numerologies for UL and SUL, the time granularity of a UCI (including HARQ) transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.
Another aspect is the capability for UE processing time especially when the DL and UL are of different numerologies. In last RAN1#90b meeting the following is agreed for UE processing timing, focusing on single numerology case.
	Agreements:

· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.
· Further determine (N1,N2) processing times for two UE capabilities in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. 

· For a given configuration and numerology, a UE indicates only one capability for N1 (or N2) based on the corresponding entry for N1 (or N2) from either Table 1 or Table 2.

· FFS: if multiple capabilities can be reported with different throughput constraints for N1 (or N2).


For the case of different numerologies between DL/UL and SUL, the subcarrier spacing can only be smaller than that on DL/UL. The UE processing time of N1 comprises time needed for PDSCH decoding and time needed for HARQ-ACK feedback preparation. Our view is that a majority part of N1 is used for PDSCH decoding. Thus, for different numerologies between DL and SUL, the value of N1 (i.e. PDSCH on DL and its HARQ feedback on SUL) can assume the same N1 according to the DL numerology from single numerology case. Similarly, the UE processing time of N2 comprises PDCCH decoding and PUSCH preparation. Our view is that a majority part of N2 is used for PUSCH preparation. Thus, for different numerologies between DL and SUL, the value of N2 (i.e. PDCCH on DL scheduling PUSCH on SUL) can assume the same N2 according to the numerology on SUL from single numerology case.
Proposal 10: For mixed numerology scheduling on DL/UL and SUL, 
· the value of N1 equals the N1 according to the DL numerology in the single numerology case;

· the value of N2 equals the N2 according to the SUL numerology in the single numerology case.
2.2 On feedback issues for SUL

In RAN1#90bis [4], the following agreements were achieved.

	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 


It is also agreed that simultaneous PUSCH transmission on UL and SUL is not supported. The remaining question is whether simultaneous PUCCH and PUSCH transmission on UL and SUL is supported. It is noted that since only one of UL and SUL can be scheduled for PUSCH transmission and UCI piggyback on PUSCH is anyway supported, our view is that simultaneous PUCCH/PUSCH transmission on PUCCH and PUSCH is not necessary in Rel-15. Further, similar to the single uplink discussion for the difficult band combinations, simultaneous transmission on UL and SUL may not always be preferable. This also applies to simultaneous SRS transmission on UL and SUL. Thus, we have a general proposal:
Proposal 11: In Rel-15, for a UE configured with a cell comprising SUL, the UE is not expected to perform any type of NR simultaneous transmission on UL and SUL in the cell.
For a UE configured with a cell including SUL, if the numerology is same for DL/UL and SUL, then the UCI piggyback on PUSCH can follow the same design as if the cell has only one UL. For the case of different numerologies on DL/UL and SUL, some discussion is needed for UCI piggyback on PUSCH. One example is shown in Figure 1, where 30kHz is used for DL/UL and 15kHz is used for SUL.
For the case that NR SUL is configured to be the PUCCH UL and PUSCH is scheduled in NR UL as shown in Figure 1(a), if the former slot of the two slots on NR UL is scheduled for PUSCH transmission, UCI is piggybacked in this slot. If the latter slot on NR UL is scheduled, the UE may drop the PUSCH.
For the case that NR UL is configured to be the PUCCH UL and PUSCH is scheduled on NR SUL as shown Figure 1(b), if the former slot of the two slots on NR UL is allocated to transmit PUCCH, the UCI associated with this slot can be piggybacked on PUSCH. If the latter slot of the two slots on NR UL is allocated to transmit PUCCH, the UCI associated with this slot may not be piggybacked on PUSCH because UE will not have enough time to perform the piggyback. In this case, UE would drop PUSCH.
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Figure 1. Illustration of UCI piggyback for SUL.
Proposal 12: For a UE configured with a serving cell comprising SUL and for UCI piggyback on PUSCH
· if the PUSCH is scheduled on the PUCCH UL, UCI is piggybacked on the PUSCH;

· if the PUSCH is scheduled on the non-PUCCH UL and the PUSCH starts approximately (e.g. within 1~2 OFDM symbol duration) at the same time with PUCCH, UCI is piggyback on the PUSCH; otherwise, drop PUSCH.
2.3 On SRS transmission for SUL
It has been agreed that SRS on the SUL and SRS on the NR UL are independently configured with separate RRC parameters. This applies to periodic SRS (P-SRS), aperiodic SRS (A-SRS), and semi-persistent SRS (SP-SRS). For P-SRS on NR SUL and NR UL, independent RRC configuration is sufficient. For A-SRS, mechanism to trigger the aperiodic SRS on NR UL and SUL from the same DL should be provided. Similar to the design of UL DCI, the 1-bit SC_UL_index can be included in the DCI for triggering A-SRS. And such approach can be also used for activating and deactivating SP-SRS on NR UL and SUL. 

Proposal 13: For a serving cell with SUL, SC_UL_index is included in the DCI for aperiodic SRS triggering and semi-persistent SRS activation/deactivation.
2.4 On Power control
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


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 14: 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. 

2.5 The applicability of SUL L1/L2 designs
SUL may be applied in different deployment scenarios, including standalone NR with network perspective LTE/NR UL sharing, non-standalone NR with network perspective LTE/NR UL sharing, non-standalone NR with UE perspective LTE/NR UL sharing, etc. It is observed that all L1/L2 designs related to SUL can be commonly applied to any deployment scenarios involving SUL.
Observation: All L1/L2 designs related to SUL can be commonly applied to any deployment scenarios involving SUL, including LTE/NR UL sharing from network perspective and from UE perspective. 
3 Conclusion

In this contribution, we discuss the remaining issues related to SUL. The following observations and proposals are given:
Proposal 1: For a serving cell with SUL, SC_UL_index = 0 refers to the NR UL and SC_UL_index = 1 refers to the SUL in the same serving cell. The parameter “SC_UL_index” can be used in L1/2/3 signaling to indicate the NR UL or the NR SUL.
· Note: The NR UL linked to the NR DL according to the NR general operating band is termed as “UL”

· Note: The NR SUL linked to the NR DL according to the SUL band combination is termed as “SUL”
Proposal 2: For a serving cell with SUL, a 1-bit field SC_UL_index is always present in the fallback DCI for PUSCH scheduling on UL and SUL. 
Proposal 3: In a cell with SUL and for a UE configured with both ULs for potential PUSCH transmission,
· the DCI payload size of non-fallback UL grant scheduling NR UL and NR SUL is identical;

· 1-bit SC_UL_index is present in the non-fallback UL grant scheduling NR UL and NR SUL;

· Size matching is performed between the non-fallback UL grants for NR UL and NR SUL;

· the non-fallback UL grant for NR UL and NR SUL can be transmitted in the same search space, i.e. no need to define separate search spaces for NR UL and NR SUL. 

Proposal 4: In a cell with SUL and for a UE configured with only one of the ULs for potential PUSCH transmission, the DCI payload size of non-fallback UL grant is determined based on the UL configured for potential PUSCH transmission.

Proposal 5: Support independent RRC configurations on UL waveform for PUSCH on NR UL and PUSCH on NR SUL.

Proposal 6: In each PDCCH monitoring occasion, a UE may monitor up to X (>1) UL DCI in the same search space.

Proposal 7: Confirm the working assumption that the numerology of UL and SUL can be different.

Proposal 8: For a serving cell with SUL and different numerologies for UL and SUL, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.
Proposal 9: For a serving cell with SUL and different numerologies for UL and SUL, the time granularity of a UCI (including HARQ) transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.
Proposal 10: For mixed numerology scheduling on DL/UL and SUL, 
· the value of N1 equals the N1 according to the DL numerology in the single numerology case;

· the value of N2 equals the N2 according to the SUL numerology in the single numerology case.
Proposal 11: In Rel-15, for a UE configured with a cell comprising SUL, the UE is not expected to perform any type of NR simultaneous transmission on UL and SUL in the cell.

Proposal 12: For a UE configured with a serving cell comprising SUL and for UCI piggyback on PUSCH
· if the PUSCH is scheduled on the PUCCH UL, UCI is piggybacked on the PUSCH;

· if the PUSCH is scheduled on the non-PUCCH UL and the PUSCH starts approximately (e.g. within 1~2 OFDM symbol duration) at the same time with PUCCH, UCI is piggyback on the PUSCH; otherwise, drop PUSCH.
Proposal 13: For a serving cell with SUL, SC_UL_index is included in the DCI for aperiodic SRS triggering and semi-persistent SRS activation/deactivation.

Proposal 14: 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. 
Observation: All L1/L2 designs related to SUL can be commonly applied to any deployment scenarios involving SUL, including LTE/NR UL sharing from network perspective and from UE perspective. 
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