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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#91 meeting [3], there were many agreements and conclusions on SUL which are listed as follows.
	Agreement:
· UL carriers in different PUCCH groups can have different numerologies

· Within a PUCCH group, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL/UL carrier when the UL carrier is configured in a SUL band as defined in RAN4 specifications

Agreement:

· Pcmax,c should be separate for UL and SUL of the same cell.

Agreement:

· UL and SUL of the same cell are in the same TAG.

· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing

· The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH

Agreement:
· For mixed numerology case, the UE processing time needed between the end of PDSCH reception (with SCS u1) and start of PUCCH transmission (with SCS u2) is max(T1, T2), where 
· T1 = N1_1 x S1, N1_1 is the processing time in the single numerology with SCS u1 and S1 is the symbol duration of SCS u1; 

· T2 = N1_2 x S2, N1_2 is the processing time in the single numerology with SCS u2 and S2 is the symbol duration of SCS u2;

· For mixed numerology case, the UE processing time needed between the end of PDCCH reception  (with SCS u1) and start of PUSCH transmission (with SCS u2) is max(T1, T2), where 
· T1 = N2_1 x S1, N2_1 is the processing time in the single numerology with SCS u1 and S1 is the symbol duration of SCS u1; 

· T2 = N2_2 x S2, N2_2 is the processing time in the single numerology with SCS u2 and S2 is the symbol duration of SCS u2;

Agreement: 

If only the PUCCH carrier in a cell with SUL is configured for potential PUSCH transmission, the bit field for UL/SUL indication is not present in the non-fallback DCI.

Agreement: 

A separate 1-bit field in DCI is used to indicate UL and SUL of the same cell.

· The bit value of 0 refers to the UL in the cell

· The bit value of 1 refers to the SUL in the cell
Agreement: 
If both ULs in a cell are configured for potential PUSCH transmission to a UE, for a given search space, the UE monitors for non-fallback DCI scheduling PUSCH on UL and SUL.
Agreement:

· For a serving cell with SUL and different numerologies on DL/UL and SUL, the unit of time offset k between UL grant and corresponding PUSCH transmission is the slot duration according to the numerology of the scheduled PUSCH transmission.

· For a serving cell with SUL and different numerologies on DL/UL and SUL, the unit of time offset k between PDSCH and corresponding PUCCH transmission is the slot duration according to the numerology of the PUCCH transmission.

Agreement: 
DCI field for UL/SUL indication is not present in the fallback DCI and the fallback DCI always schedules PUSCH on the UL
Agreement: 

1-bit UL/SUL indication is included in the non-fallback DCI(s) that can trigger A-SRS and SP-SRS activation/deactivation.
Agreement:

1-bit UL/SUL indication is included in the DCI(s) that can trigger PDCCH-ordered PRACH transmission.

Agreement:

If the network scheduling results in PUCCH and PUSCH transmissions for a UE overlapping in time on the UL and SUL, the UE multiplexes UCI on PUSCH if such multiplexing does not put more stringent requirements on processing time compared to the case where UCI is multiplexed on PUSCH when operating on a single carrier.
Agreement:

If both ULs in a cell are configured for potential PUSCH transmission to a UE, the UL non-fallback DCI size for scheduling UL and SUL are adjusted to be the same size via padding

Agreement:

If padding bit(s) are present in the UL fallback DCI (in order to size match between the DL and UL fallback DCIs) once the final DCI design detatils are complete, one of the padding bit(s) is used for UL/SUL indication for UEs capable of SUL

· Notes:

· This agreement overrides the previous agreement that DCI field for UL/SUL indication is not present in the fallback DCI if padding bits are present in the UL fallback DCI after the DCI design is complete

· This agreement assumes that there is a single UL fallback DCI that is applicable to both the UL and SUL carriers.




This contribution provides our views on remaining issues of SUL, e.g., timing, scheduling, SRS and power control etc.
2 Discussion
In this paper, the design, as usual, is aiming to be common to all SUL deployment scenarios for both SA and NSA mode including UL sharing from network perspective and UE perspective. 
2.1 On timing issues for SUL

It has been agreed that UL and SUL of the same cell are in the same TAG. Namely, a single TA command can be used to adjust the transmit timing on both UL and SUL. In order to ensure a UE have the same transmit timing on both UL and SUL, the NTA-offset of SUL should be the same as that of UL. Note that, this should be consistent for all uplink signals including PRACH, PUCCH, PUSCH and SRS etc.

Proposal 1: NTA-offset of SUL should be the same as that of UL.
2.2 On initial access related issues for SUL

It has been agreed that different PRACH configuration tables are used for unpaired spectrum and paired spectrum. While for SUL, it is straightforward to use the same PRACH configuration table for FDD, and there is no need to have specific design for SUL. The detailed design on PRACH configuration table for paired spectrum and SUL can be found in our companion contribution [4].
Proposal 2: The PRACH configuration table for paired spectrum is used for SUL.
2.3 On non-concurrent UL transmission for SUL cell
For UE configured with SUL, simultaneous transmission of PUSCH/PUCCH on both UL and SUL is not supported. And in the last RAN1 meeting, it has been agreed to support UCI piggybacked in the PUSCH if a UE would transmit PUCCH on UL (or SUL) that overlaps in time with PUSCH transmission on SUL (or UL). Namely, simultaneous transmission of PUSCH and PUCCH on both UL and UL is not supported either. If UE is allowed to transmit SRS or SRS and other signals concurrently on both UL and SUL, it would cause large extra work for RAN4 which would impact on the timeline. Thus, simultaneous transmission on UL and SUL is not preferable.
Proposal 3: A UE is not expected to transmit UL channels/signals concurrently on the SUL and UL of the same cell.
2.4 On SRS issue for SUL
It has been agreed that semi-persistent SRS (SP-SRS) can be activated/deactivated by MAC CE, and an LS has been sent to RAN2 for detailed solution. It is necessary to mention that for a serving cell with SUL, such MAC CE shall be able to active/deactive SP-SRS of SUL. To achieve this, an uplink index may be included in the corresponding MAC CE to inform UE that the activation/deactivation of SP-SRS is for UL or SUL.

Proposal 4: The MAC CE for activating/deactivating semi-persistent SRS is capable to active/deactive semi-persistent SRS of SUL.

2.5 On SFI configuration for SUL
There has been a working assumption that the multi-slot SFI configuration can be applied to achieve FDD SFI support. To be more specific, in the multi-slot configuration, even slot is for DL BWP and odd slot is for UL BWP. Also it has assumed that the same mechanism can be applied to SUL case. However, if the numerologies of SUL and non-SUL are different, a confusing issue arises that the number of the indicating SFI is larger than the number of the slots to be indicated in SUL. A straightforward solution is that the UE only applies the first N SFI of the odd slots as the effective indicator, where N is the number of slots of SUL during a SFI monitoring period, as illustrated in Figure 1. A correction request is in our companion paper [5].
[image: image1]

Proposal 5: For SUL, the UE applies the first N SFI of the odd slots in the multi-slot SFI as the effective indicator, where N is the number of SUL slots within one SFI monitoring period.

2.6 On PUCCH issues in Case 1 HARQ timing for EN-DC
In RAN1#90 meeting, two cases of HARQ timing for LTE FDD carrier were agreed for EN-DC UE in single UL operation. For a UE operating in case 1 HARQ timing, it would be configured with a DL-reference UL/DL configuration which makes its corresponding HARQ timing be the same as that for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell. Although legacy PUCCH format 1b for LTE FDD is no longer feasible for Case 1 HARQ timing, legacy PUCCH formats for LTE TDD and LTE-TDD-FDD CA can be directly used. In particular, TDD HARQ bundling per codeword across multiple DL subframes associated with one UL subframe can be supported, so that legacy format 1a/1b can be reused. And it is also feasible to directly reuse LTE PUCCH format 1b with channel selection and PUCCH format 3. No major change is foreseen. Then we have the following observations.
Observation 1: LTE PUCCH format 1a/1b with HARQ bundling can be directly used in Case 1 HARQ timing for MCG of EN-DC UE.
Observation 2: LTE PUCCH format 3 can be directly used in Case 1 HARQ timing for MCG of EN-DC UE.
Observation 3: LTE PUCCH format 1b with channel selection can be directly used in Case 1 HARQ timing with DL-reference UL/DL configuration {0, 1, 6} for MCG of EN-DC UE.
Note that, for DL-reference UL/DL configuration {2, 3, 4}, format 1b with channel selection cannot be used since current mechanism only supports a maximum 4 A/N bits for channel selection. It is necessary to mention that when EN-DC UEs are configured with Case 1 HARQ timing, the corresponding HARQ performance would be degraded compared with LTE FDD HARQ timing. In order to minimize the performance reduction, PUCCH format with better performance should be supported. Considering that format 1b with channel selection may have better performance than format 3, it is preferable to support PUCCH format 1b for DL-reference UL/DL configuration {2, 3, 4}. Similar design in Table 10.1.3.2-5 of TS36.213 which is also in the appendix can be considered as a starting point. Particularly, for the 6 bits HARQ-ACK case, the mechanism in the corresponding table can be reused or with minor optimization. And for the 5 bits HARQ-ACK case, a specific design for HARQ-ACK multiplexing method can be designed with minimum change from Table 10.1.3.2-5.
Proposal 6: Support PUCCH format 1b with channel selection in Case 1 HARQ timing with DL-reference UL/DL configurations {2, 3, 4} for MCG of EN-DC UE.
In addition, for legacy FDD UEs, implicit PUCCH format 1a/1b resources are allocated according to a pre-defined rule which is related to the first CCE index in the corresponding DL subframe. While for EN-DC UEs, the PUCCH resource would be allocated according to the configured DL-reference UL/DL configuration which is different from that for legacy FDD UEs. Thus, PUCCH resource collisions may happen between FDD UEs and EN-DC UEs.

To tackle the problem, a simple method is that gNB additionally configures a specific PUCCH resource offset denoted 
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Proposal 7: gNB additionally configures a UE-specific PUCCH resource offset for EN-DC UEs with Case 1 HARQ timing.
3 Conclusion

In this contribution, we discuss the remaining issues related to SUL. The following observations and proposals are given:
Observation 1: LTE PUCCH format 1a/1b with HARQ bundling can be directly used in Case 1 HARQ timing for MCG of EN-DC UE.
Observation 2: LTE PUCCH format 3 can be directly used in Case 1 HARQ timing for MCG of EN-DC UE.
Observation 3: LTE PUCCH format 1b with channel selection can be directly used in Case 1 HARQ timing with DL-reference UL/DL configuration {0, 1, 6} for MCG of EN-DC UE.
Proposal 1: NTA-offset of SUL should be the same as that of UL.
Proposal 2: The PRACH configuration table for paired spectrum is used for SUL.
Proposal 3: A UE is not expected to transmit UL channels/signals concurrently on the SUL and UL of the same cell. 
Proposal 4: The MAC CE for activating/deactivating semi-persistent SRS is capable to active/deactive semi-persistent SRS of SUL.
Proposal 5: For SUL, the UE applies the first N SFI of the odd slots in the multi-slot SFI as the effective indicator, where N is the number of SUL slots within one SFI monitoring period.

Proposal 6: Support PUCCH format 1b with channel selection in Case 1 HARQ timing with DL-reference UL/DL configurations {2, 3, 4} for MCG of EN-DC UE.
Proposal 7: gNB additionally configures a UE-specific PUCCH resource offset for EN-DC UEs with Case 1 HARQ timing.
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Appendix
Table 10.1.3.2-5 from TS36.213: Transmission of HARQ-ACK multiplexing for M = 3 
	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code
 Input Bits

	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2)
	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2)
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	ACK, ACK, ACK
	ACK, ACK, ACK
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	1, 1
	1,1,1,1

	ACK, ACK, NACK/DTX
	ACK, ACK, ACK
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	0, 0
	1,0,1,1

	ACK, NACK/DTX, any
	ACK, ACK, ACK
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	1, 1
	0,1,1,1

	NACK/DTX, any, any
	ACK, ACK, ACK
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	0, 1
	0,0,1,1

	ACK, ACK, ACK
	ACK, ACK, NACK/DTX
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	1, 0
	1,1,1,0

	ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX
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	1, 0
	1,0,1,0

	ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX
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	0, 1
	0,1,1,0

	NACK/DTX, any, any
	ACK, ACK, NACK/DTX
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	0, 0
	0,0,1,0

	ACK, ACK, ACK
	ACK, NACK/DTX, any
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	1, 1
	1, 1, 0, 1

	ACK, ACK, NACK/DTX
	ACK, NACK/DTX, any
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	0, 1
	1, 0, 0, 1

	ACK, NACK/DTX, any
	ACK, NACK/DTX, any
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	1, 0
	0, 1, 0, 1

	NACK/DTX, any, any
	ACK, NACK/DTX, any
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	0, 0
	0, 0, 0, 1

	ACK, ACK, ACK
	NACK/DTX, any, any
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	1, 1, 0, 0

	ACK, ACK, NACK/DTX
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	[image: image23.wmf])

1

(

PUCCH,1

n


	0, 1
	1, 0, 0, 0

	ACK, NACK/DTX, any
	NACK/DTX, any, any
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	1, 1
	0, 1, 0, 0

	NACK, any, any
	NACK/DTX, any, any
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	0, 0
	0, 0, 0, 0

	DTX, any, any
	NACK/DTX, any, any
	No Transmission
	0, 0, 0, 0


Figure � SEQ Figure \* ARABIC �1� Multi-slot SFI configuration for SUL case
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