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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


And 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 this LTE and NR coexistence scenario, NR SUL on F1 is shared with LTE component UL carrier, LTE DL on a paired frequency F3 and NR DL transmission on different frequency F2. There may be NR UL transmissions on frequency F2 as well if this is a carrier frequency of unpaired spectrum. 
Since there are more than 1 UL carrier frequencies in this configuration, there are some issues to be solved such as the initial access when the UE is not assisted by LTE. Or in connected mode, since the throughput of PUSCH and feedback latency of PUCCH are mainly considered, how to fully use the extra carrier frequency without too much UE complexity will be discussed here. Fast PUSCH or PUCCH switching between the multiple UL carriers may not be applicable due to its higher complexity. Then in this contribution some analysis and solutions are given.
During the discussion, 3.5GHz is taken as an example for the unpaired spectrum and 1.8GHz is taken as the spectrum for the UL. 
2 Discussion
2.1 UL initial access in LTE and NR coexistence scenario
2.1.1 SUL configuration broadcasting

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
Since both unpaired UL carrier and the SUL carrier are available for the UE for initial random access, the UE should be indicated with the existence of other UL available carriers for initial random access before UL accessed. In RAN1#89 meeting the random access (RA) configuration is agreed to be included in RMSI as below [2]:
	Agreements:

· Random access (RA) configuration is included in remaining minimum SI.
· Continue discussion on
· Whether all RA configuration information is transmitted in all beams used for RMSI within a cell or not

· Whether NW is mandated to use the same set of beams for RMSI and SS block or not

· Whether SS block and RMSI are spatial QCLed or not


In order for not missing the other UL available carrier configuration information from UE side, the carrier configuration information including RA configuration should be achieved by UE during RMSI stage. Considering the RMSI size the detailed solution for transmitting “extra UL carrier configuration (including RA configuration)” can be further studied, such as:
· Carrying the whole configuration information in RMSI together with the UL carrier corresponding to the camped DL carrier;
· Together in RMSI with the indication whether the “extra UL carrier” exists and in which SI these carriers’ configuration information is carried.

Besides the RA configuration to be broadcasted for those extra availiable UL carriers, other basic UL carrier information e.g. ARFCN, bandwidth, numerology, UL power control parameters, SRS configuration, PUCCH configuration should also be included.
Proposal 1: In order to support the initial random access from SUL carrier, the SUL carrier configuration including RACH configuration should be broadcasted in RMSI or at least the existence and location should be included in RMSI.
2.1.2 UL carrier selection for random access
For the SUL, usually the UL coverage is better than the camped 3.5GHz carrier which is an unpaired spectrum, due to lower frequency and more UL subframes. And for cell centre UE, when UL transmission power is sufficient, the NR 3.5GHz carrier usually provided wider channel bandwidth, and then higher throughput. 

So for idle UEs at cell edge, it’s better to select the SUL as the UL access carrier to initiate random access on it. And the cell centre UE, it is better that access the NR 3.5GHz carrier in the UL subframes.
For the DL camped on UE before UL accessed, the only approach for the UE to judge at cell edge or cell center is by DL RSRP measurement, so the DL RSRP threshold could be a metric for UE to determine which UL carrier should be selected to initiate random access, as shown in Figure 2. 
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Figure 2 UL carrier selection based on NR DL measurement
In order to indicate the UE how to select the UL carrier, the metric of DL RSRP threshold should be carried together with the broadcasted UL carrier configuration information. Before initiating the random access, the UE should use the DL RSRP measurement to compare with the threshold and select a proper carrier. When the UL carrier is selected for RACH, the UL channels during the RACH procedure and after the RACH procedure are all assumed on the selected carrier, before a reconfiguration is triggered.
Proposal 2: UE should use DL RSRP measurement comparing with the RSRP threshold, which is broadcasted together with UL carrier configuration, to select the proper UL carrier for random access. And the UL channels during and after the RACH procedure are all assumed on the selected carrier, before a reconfiguration is triggered. 
2.2 UL carrier reconfiguration in active mode
When UE in the active mode, there will be two UL carriers are available for the UE to transmit UL signals. One of the solutions is that PUSCH transmission is based on DCI scheduling, and the UE can be scheduled on either of the two UL carriers. But there may be some drawbacks for this dynamic scheduling method. One of the drawbacks is that the UE may not be able to dynamically change its PUSCH transmission carrier due to UE capability. Therefore before UL transmission, the UE should be configured in which subframe and on which carrier the UE can transmit its PUSCH or PUCCH as well. 
The reason for the PUSCH and PUCCH configuration is due to different benefit of using SUL as the transmission carrier for PUSCH and PUCCH. 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 may provide very low feedback latency. 

When NR UE moves from cell edge to centre or from cell centre to edge, the UL carrier or PUSCH and PUCCH transmission should be reconfigured between 3.5GHz UL and SUL or different configurations, some example configurations are shown in Figure 4 and 5. 
The design for the PUSCH and PUCCH configuration and reconfiguration should not interrupt the downlink data transmission, low signal overhead or applicable for both NSA and SA mode. In the following discussion, some of the example solutions are proposed. 
2.2.1 PUSCH transmission configuration and reconfiguration 

For PUSCH transmission configuration, usually, the coverage and throughput are considered with higher priority. For the cell centre UE, when UL transmission power is sufficient, the NR unpaired carrier usually provided wider channel bandwidth, and then higher throughput, keep the uplink transmission on unpaired 3.5G carrier is sufficient, as shown in configuration 1 of Figure 4.

When UE moves to the cell edge, since usually the SUL coverage on the lower frequency is better than the high unpaired carrier, due to lower frequency and more UL subframes, then the PUSCH transmission can be reconfigured to the SUL, as shown in configuration 1 of Figure 4. In addition, the PUSCH transmission on both UL carriers should be allowed, as shown in configuration 3 of Figure 4. 
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(Configuration 1)
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(Configuration 3)
Figure 4 UL transmission configuration examples
In the example UL transmission configurations, some blank subframes on lower frequency are reserved. The reason is that inter-modulation or UL power back off may occur for simultaneous UL transmissions and some blank subframes are reserved to other LTE UEs. And in other cases, the SUL may be shared with other LTE signals, and then the blank subframes can be used for the LTE transmissions of the current UE or other UEs. And furthermore the indication of the blank subframe for PUSCH is to make the UE know that the subframe cannot be used in advance so that the UE will not prepare the transmission for it which will help to reduce the complexity. On the above example configurations, the configuration can be done carrier by carrier. On each UL carrier, the UE can be configured with available subframes for the PUSCH transmission. 
For the UL carrier reconfiguration, since the DL carrier is not changed, separately changing the UL transmission configuration is possible. And the UL transmission configurations are signaled to the UE by RRC signaling when the UE is connected, the change of UL transmission configuration can be handled by DL signaling. It is noted that this kind of PUSCH transmission reconfiguration seems not very frequent and doesn’t have to be that dynamic. Semi-static reconfiguration seems to be enough, comparing with RRC signaling, MAC CE is better to provide shorter switching period. Given the fact that single DL carrier does not require any PScell reconfiguration to switch UL carrier, the MAC entity will be always attached to the single DL carrier, no additional high layer switching is required, therefore, RRC reconfiguration is not required. 
Proposal 3: The PUSCH transmission configuration and reconfiguration on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE.
2.2.2 PUCCH transmission configuration and reconfiguration in active mode
For PUCCH transmission configuration, feedback latency is considered with higher priority. For traffic (e.g. URLLC traffic) requires low latency, more PUCCH feedback occasions and resources can be configured on the lower frequency, because there are consecutive UL subframes for N/ACK feedback and thus reduce the feedback latency. On the contrary, there are very limited UL subframes on the NR unpaired carrier which can carry the PUCCH feedback for traffics not requiring low feedback latency. 

Firstly the PUCCH carrier can be on the same carrier as the UE transmitting the random access preambles to access the network. And can be reconfigured to other configurations by RRC or MACCE signaling. Some of the PUCCH transmission configurations are shown in Figure 5. 
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(Configuration 1)
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(Configuration 3)
Figure 5 PUCCH transmission configurations
As in the example, for traffic not requiring low latency feedback, the PUCCH can be configured on the NR unpaired carrier only, as shown in configuration 1 of Figure 5; on the contrary the PUCCH can be configured to be always on the lower frequency,  to achieve lower PUCCH feedback latency as shown in configuration 2 of Figure 5. 

However, this switching should be controlled and indicated by gNB to the UE, to reduce the PUCCH detection complexity in gNB side on two PUCCH possible carriers. 
Similar as PUSCH transmission reconfiguration, the PUCCH transmission configuration can also be changed semi-statically, such reconfiguration can also be done by MAC CE. During the PUCCH transmission reconfiguration procedure, since the DL carrier is not changed, it is preferred to keep the DL on-going transmissions not interrupted by the PUCCH transmission reconfiguration. 
Proposal 4: PUSCH and PUCCH configuration can be configured and reconfigured separately for one UE and the reconfiguration can be done by MAC CE. 

2.2.3   SRS switching in active mode
In RAN1#89 meeting the SRS fast switching among the UL carriers in NR-LTE coexsitence scenario was agreed as below [2]:
	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)


For a SUL carrier, the sounding can be removed, and the UL power control and link adaptation could be based on the DMRS. 
3 Conclusion

In this contribution, an UL carrier selection and UL channels reconfigurations in the LTE-NR coexistence scenario are discussed. And the following proposals are drawn:
Proposal 1: In order to support the initial random access from SUL carrier, the SUL carrier configuration including RACH configuration should be broadcasted in RMSI or at least the existence and location should be included in RMSI.
Proposal 2: UE should use DL RSRP measurement comparing with the RSRP threshold, which is broadcasted together with UL carrier configuration, to select the proper UL carrier for random access. And the UL channels during and after the RACH procedure are all assumed on the selected carrier, before a reconfiguration is triggered.
Proposal 3: The PUSCH transmission configuration and reconfiguration on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE.
Proposal 4: PUSCH and PUCCH configuration can be configured and reconfigured separately for one UE and the reconfiguration can be done by MAC CE.  
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