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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 [1]:
	-
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 UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


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


According to above agreements and the RAN1 guidance on the further SUL open issues, this paper is targeting to give the opinions on these points e.g. SUL scheduling, cell ID consideration etc. 
2 Discussion
With the introduction of SUL shared with LTE, NR UE camped on the unpaired DL carrier will have more than one available UL carriers, as shown in Figure 1. 
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Figure 1. NR DL carrier with both NR UL on unpaired carrier and UL shared carrier (SUL) available
2.1 On scheduling issues for SUL
2.1.1 Resource configuration for NR PUSCH&PUCCH
It was agreed at RAN1#90 that the random access will be completed on the SUL carrier once the UE select the SUL for random access:
	Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 

· RACH configuration for the SUL carrier is broadcasted in RMSI

· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier

· In particular the configuration information includes all necessary power control parameters

· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold

· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier

· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition

· Sent an LS accommodating above agreement to RAN2 




In a 4-step random access procedure, the PUCCH for Msg4 must be transmitted by the UE, and according to the agreement, the PUCCH should be transmitted on the SUL when Msg1 is transmitted on the SUL. 

Observation 1: Support of PUCCH on SUL is already agreed. 
For UE in connected mode, there would be two available UL carriers to transmit UL signals. A UE may not support simultaneous UL transmission on both UL carriers due to the inter-modulation (e.g. between 1.8GHz and 3.5GHz carriers) and its power reduction effect. Thus before UL transmission, the UE should be configured in which subframe and on which carrier the UE can transmit its PUSCH, SRS or PUCCH. 

Due to different benefit of using shared UL carrier frequency as the transmission carrier for PUSCH and PUCCH, separate resource configuration for PUSCH and PUCCH needs to be supported. For PUSCH, when the UE is at the cell center, 3.5GHz UL may provide larger throughput due to larger UL bandwidth. While for PUCCH, SUL transmission can provide very low feedback latency. When NR UE moves from cell edge to centre or from cell centre to edge, the UL carrier for PUSCH and PUCCH transmission should be reconfigured between 3.5GHz UL and the SUL carrier. Such configuration is preferred to be UE-specific in order to allow different UEs to be configured with different options.

Different configuration for PUCCH and PUSCH can be achieved for low latency and higher UL throughput as shown in the following figures for different UE in the cell.
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Figure 2. Different PUSCH and PUCCH configurations for different UEs in the cell. 

Configuration 1 is a basic configuration, where the UE only transmits on the higher frequency, and configuration 2 is basically for a cell edge UE, where the UE can have low latency and higher UL throughput. Configuration 3 is for a cell centre UE, where the UE has larger throughput on the higher frequency due to small pathloss and larger bandwidth on the higher frequency, while the PUCCH on the SUL will guarantee a low latency of feedback. For configuration 4, the UE can simultaneously transmit on both UL carriers. Low latency and higher throughput are also achieved with full flexibility. 

For configuration 1 and 2, PUCCH and PUSCH are transmitted on the same UL carrier, e.g. NR unpaired carrier or SUL. These two configurations are already supported according to current agreements.

For configuration 3, PUCCH and PUSCH would be transmitted on different UL carriers, e.g. PUCCH is transmitted on SUL and PUSCH is transmitted on the NR unpaired carrier. If a UE can have independent RF chains for transmitting on SUL and NR unpaired carrier, then no extra RF retuning timing between SUL and NR unpaired carrier is needed.

For configuration 4, PUSCH can be simultaneously transmitted on both SUL and NR unpaired carrier, and this is only applicable for UE that has the ability for simultaneous transmission. Additional mechanisms on PUSCH scheduling and uplink power control for simultaneous UL transmission should be specified. This configuration can be specified if there is enough time before the December 2017 freeze.

The switch among the potential configurations could be based on MAC CE or RRC signalling, since the switching is with a relatively long interval due to the slow change of the UE position between cell center and cell edge. 

Proposal 1: The transmission configuration and reconfiguration for PUSCH and PUCCH on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE or RRC signaling separately for PUSCH and PUCCH.
With the above method, the UE knows which UL carrier is configured for UL transmission, and the UL carrier can be selected during random access procedure and reconfigured during the connected mode. Thus, no extra field is needed to be added in the DCI format for UL grant, and UE can assume that the UL grant always corresponds to the selected/reconfigured UL carrier for PUSCH transmission. The UE shall consider that the UL grant for the configured UL carrier shares the same search space with the DL scheduling PDCCH.
In many of physical layer procedures such as UL carrier switching, UL scheduling, SRS switching and the configurations above, it may have necessity to identify/differentiate the UL carriers within the cell. So UL carrier indexing is needed, and such carrier index can also be used for RA-RNTI calculation, which would be helpful to resolve the RAR misunderstanding issue discussed in our companion’s contribution [4]. A straightforward solution could be indexing UL carriers explicitly. Particularly in the UL carrier information broadcasting, each set of UL carrier information is associated with a UL carrier index.    

Proposal 2: When two or more UL carriers are available for a UE, each UL carrier should be explicitly indexed in RMSI. 
2.1.2 Scheduling timing for SUL
For the case where the subcarrier spacing of PUSCH is smaller than the associated PDCCH, the UE is required to know the time granularity that is indicated in DCI to determine the exact time resource for PUSCH transmission. In the following email discussion of RAN1 NR#2 meeting, the following statements were approved for CA to provide solutions for scheduling timing with different numerologies.

	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.


It is effective to reuse the above approach for the SUL scenario. Then we have the following observation:

Observation 2: The time granularity indicated in the DCI for the time relationship between the scheduled PUSCH transmission on SUL and the end of the associated PDCCH on the DL carrier that the SUL supplements is based on the subcarrier spacing of SUL.
From the UE capability perspective, a UE may support N+2 UL scheduling when the associated PDCCH is in the first DL slot within one “1ms”, while the UE may not support N+2 UL scheduling when the associated PDCCH is in the second DL slot within the same “1ms” due to less processing time. Thus, it is also proper to assign different UL scheduling timing subsets for different slots. Note that, the timing subset design in the SUL scenario should follow the HARQ timing design for self-scheduling. An example is shown in Figure 5, where 30 kHz SCS is used for NR DL carrier and 15 kHz SCS is used for SUL.
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Figure 3. Example of scheduling timing for different SCSs.
2.2 On feedback issues for SUL
2.2.1 HARQ timing for SUL
For the case where the SCS of PUCCH is smaller than that of PDSCH, UE is required to know the time granularity that is indicated in DCI to determine the exact time resource, e.g. slot/symbol index, for PUCCH transmission. In RAN1#90 meeting, the following agreement was achieved for carrier aggregation (CA) to tackle the HARQ timing issue for different numerologies between PUCCH and PDSCH.

	Agreements:
· Confirm the WA at RAN1 NR AH#2

· 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 on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission


Note that, it is effective to reuse the same HARQ timing solution for the concerned SUL scenario where the time granularity indicated in DCI for UCI transmission on SUL is based on the SCS of SUL. 
Observation 3: The time granularity indicated in DCI for UCI transmission on SUL for the DL carrier that the SUL supplements is based on the SCS of SUL. 
It is seen that the ACK/NACKs corresponding to the PDSCHs in different DL slots within one “1ms” can be transmitted in the same UL slot. In this case, ACK/NACK bundling can be supported to reduce PUCCH resource consumption. Moreover, from the UE capability perspective, the UE can support N+1 feedback when it is scheduled by the PDCCH in the first DL slot within one “1ms”. While the UE may not support N+1 feedback when it is scheduled by the PDCCH in the second DL slot within the same “1ms” due to less processing time. Thus, it is beneficial to assign different timing subsets for different slots. Note that, both ACK/NACK bundling and timing subset design in the SUL scenario should follow the HARQ timing design for self-scheduling. An example is shown in Figure 4, where 30 kHz SCS is used for NR DL carrier and 15 kHz SCS is used for SUL.
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Figure 4. Example of feedback timing for different SCS.
2.2.2 LTE FDD HARQ timing optimization

In RAN1#90 meeting [3], two cases for HARQ timing of LTE FDD carrier were agreed. Obviously, by adopting the HARQ timing in case 1 (the same timing as LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell), the UE is required to be configured with a DL-reference UL/DL configuration, and for each configuration, the maximum RTT time is listed in the following table.

Table I. Maximum RTT time for case 1
	DL-reference UL/DL configuration
	Maximum RTT time (ms)

	0
	10

	1
	11

	2
	12

	3
	15

	4
	16

	5
	17

	6
	12


Although the RTT time for case 1 is larger than that of legacy LTE FDD (8 ms), specifically for configuration#0, the latency is not increased in a large scale. To reduce the latency degradation for LTE-NR DC UEs in single transmission mode, a possible solution can be introducing the n-3 HARQ timing from LTE sTTI to DC UEs. As shown in the following figure, all even LTE UL subframes in each frame are retained for LTE UL transmission, and an even LTE UL subframe#n can feedback the ACK/NACK that corresponds to LTE DL subframe#(n-4) and subframe#(n-3). In this case, all LTE DL subframes can be used for LTE PDSCH transmission for the UE, and the maximum RTT time is 8 ms which is the same as that of LTE FDD. Namely, there would not be latency degradation for LTE-NR DC UE compared with legacy LTE FDD UE.
It is necessary to mention that in current Rel-15 LTE sTTI, there would be a collision if a UE is required to perform both n-4 and n-3 feedback in the same LTE UL subframe and the UE would drop one of the two ACK/NACKs. As a result, there would be some restriction for LTE DL scheduling for DC UE, i.e., one UE cannot be scheduled to receive LTE PDSCHs in two consecutive subframes. But potential enhancement such as HARQ bundling or multiplexing can be made to avoid such scheduling restriction and make LTE DL scheduling more flexible.
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Figure 5. A/N feedback with latency reduction.
Note that, the concerned DL-reference UL/DL configuration is cell-specific and would restrict the UEs to use the same subframe set for ACK/NACK transmission, and thus the UL spectral efficiency is degraded. To improve the resource utilization for LTE, it is preferred to introduce multiple HARQ timing configurations and the configuration can be configured to UE in UE-specific manner. Focusing on the situation where two subframes can be used for ACK/NACK transmission, in one option, we can introduce 5 different configurations as listed in the following table. In this case, each one of the ten subframes can be configured for ACK/NACK transmission for different UEs. In another option, a UE-specific signaling can be introduced in addition to the DL-reference UL/DL configuration to indicate the occupied subframe index(s) that can be used for ACK/NACK transmission. Either of those two options can be considered to make the HARQ timing configuration more flexible.

Table II. HARQ timing examples
	Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	8,7,6,5,4
	-
	-
	-
	-
	8,7,6,5,4
	-
	-

	1
	-
	8,7,6,5,4
	-
	-
	-
	-
	8,7,6,5,4
	-
	-
	-

	2
	8,7,6,5,4
	-
	-
	-
	-
	8,7,6,5,4
	-
	-
	-
	-

	3
	-
	-
	-
	8,7,6,5,4
	-
	-
	-
	-
	8,7,6,5,4
	-

	4
	-
	-
	-
	-
	8,7,6,5,4
	-
	-
	-
	-
	8,7,6,5,4


Proposal 3: HARQ timing optimization for LTE FDD should be supported, where the subframe number for the first UL subframe is indicated to UE specifically for providing a shift to the configured DL-reference UL/DL configuration. 
2.3 On SRS transmission for SUL

It was been agreed to support NR SRS switching involving the SUL in RAN1#89 meeting, for which a straightforward baseline is the LTE Rel-14 SRS switching mechanism . 
It is natural that SRS on the SUL and SRS on the regular NR UL carrier are independently configured with separate RRC parameters. This applies to periodic SRS, aperiodic SRS, and persistent SRS. For periodic SRS on SUL and regular NR UL carrier, independent RRC configuration is sufficient. For aperiodic SRS, mechanism to trigger the aperiodic SRS on the SUL and the regular NR UL carrier from the same DL NR carrier should be provided. Similarly, mechanism for activating and deactivating persistent SRS on the SUL and the regular NR UL carrier shall also be provided. Different mechanisms can be considered to trigger aperiodic SRS (or activating/deactivating persistent SRS) on the SUL and the regular NR UL carrier. One possible is to include a carrier indicator in the DCI that triggers aperiodic SRS (or activating/deactivating persistent SRS). The carrier indicator indicates on which carrier (SUL or the regular UL carrier) the aperiodic SRS (or activating/deactivating persistent SRS) is trigger (or applied). A second possibility is to divide the PDCCH slots on the DL carrier into multiple subsets: one subset is used to trigger aperiodic SRS (or activating/deactivating persistent SRS) on SUL and another subset is used to trigger aperiodic SRS (or activating/deactivating persistent SRS) on the regular NR UL carrier. 

Proposal 4: SRS on the SUL and SRS on the regular NR UL carrier are configured independently. Mechanism for triggering aperiodic SRS on the SUL and aperiodic SRS on the regular NR UL carrier from the same NR DL carrier should be provided. Mechanism for activating/deactivating persistent SRS on the SUL and persistent SRS on the regular NR UL carrier from the same NR DL carrier should be provided.

3 Conclusion

In this contribution, detailed issues were identified for SUL and possible solutions were provided. The following observations and proposals are given:
Observation 1: Support of PUCCH on SUL is already agreed. 
Observation 2: The time granularity indicated in the DCI for the time relationship between the scheduled PUSCH transmission on SUL and the end of the associated PDCCH on the DL carrier that the SUL supplements is based on the subcarrier spacing of SUL.
Observation 3: The time granularity indicated in DCI for UCI transmission on SUL for the DL carrier that the SUL supplements is based on the SCS of SUL. 
Proposal 1: The transmission configuration and reconfiguration for PUSCH and PUCCH on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE or RRC signaling separately for PUSCH and PUCCH.
Proposal 2: When two or more UL carriers are available for a UE, each UL carrier should be explicitly indexed in RMSI. 
Proposal 3: HARQ timing optimization for LTE FDD should be supported, where the subframe number for the first UL subframe is indicated to UE specifically for providing a shift to the configured DL-reference UL/DL configuration. 
Proposal 4: SRS on the SUL and SRS on the regular NR UL carrier are configured independently. Mechanism for triggering aperiodic SRS on the SUL and aperiodic SRS on the regular NR UL carrier from the same NR DL carrier should be provided. Mechanism for activating/deactivating persistent SRS on the SUL and persistent SRS on the regular NR UL carrier from the same NR DL carrier should be provided.
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