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1. Introduction

In this contribution, we would like to discuss the RRM core requirements needed for the uplink sharing feature. According to the RAN plenary decision [1], the RAN4 requirements for NSA from the network perspective should be finalized by December 2017 and the RAN4 requirements for SA and NSA from the UE perspective should be finalized by June 2018. So in this contribution, we would like to provide the analysis on the necessary RRM requirements for both SA and NSA and have the proposals according to timeline.
2. Background

2.1. Definition and scenarios for uplink sharing
In Rel-15 NR WI the objectives of support of downlink and uplink LTE-NR coexistence are included. For the LTE-NR uplink co-existence, the SUL (supplementary uplink link) mechanism and uplink sharing scheme were discussed and will be specified in Rel-15, which can be used in both SA and NSA operations.

The intention of uplink sharing scheme is to enable the NR UE to share the LTE spectrum by aligning the subcarriers of LTE and NR carriers. To support it, the corresponding 7.5KHz UL raster shift is specified.
The SUL mechanism is specified for the scenario, where the one downlink operation band is associated with two or multiple uplink operation bands. To support that scenario, the SUL band combinations [2] will be specified in the way as given in [3] for both SA and NSA.

The uplink carrier on the uplink operation band with the same frequency range as downlink operation band (TDD band) or on the uplink operation band paired with downlink operation band (FDD band) can be called as UL carrier. The uplink carrier on SUL band is called as SUL carrier. 

Two scenarios of uplink sharing are defined in [4]:

· UL NR-LTE coexistence with UL sharing only from network perspective: 
· Some UEs transmit NR UL on an NR UL carrier overlapping with the bandwidth of a carrier on which other UEs transmit LTE UL

· A UE is not configured with a NR UL carrier overlapping with the bandwidth of a LTE component carrier configured for the same UE for LTE operation 
· UL NR-LTE coexistence with UL sharing from UE perspective:
· A UE is configured with a NR UL carrier overlapping with the bandwidth of a LTE component carrier configured for the same UE for LTE operation

· E.g. a UE supports transmitting NR UL and LTE UL within the bandwidth of an LTE component carrier configured for the UE 

Considering the SA operation and NSA operation and different timeline for them, we can consider the follow three categories when defining the RAN4 requirements:

· SA NR+SUL operation

· NSA NR+SUL operation with UL sharing from the network perspective

· NSA NR+SUL operation with UL sharing from the UE perspective

The examples for the three categories are shown in Figure 1.
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Figure 1: Three categories for uplink sharing

2.2. Procedures to be considered for RRM requirements
For SA, in the initial access procedure, UE measures the downlink carrier and then decide either UL carrier or SUL carrier is better and can be configured for PRACH transmission in terms of uplink coverage according to the informed threshold. 
In the connected modes for both SA and NSA, the network decides either UL carrier or SUL carrier will be used for an uplink transmission (PUCCH, PUSCH or PUSCH and PUCCH) to improve the uplink coverage, shorten the physical layer latency, and/or get the better uplink capacity. The discussion how the network select UL carrier or SUL carrier is still on-going in RAN1 and RAN2, and the selection would be done by the physical layer signalling, MAC CE or RRC signalling. 

In our view, the corresponding RRM requirements should be specified to ensure the good performance for the above PRACH procedure and UL/SUL carrier selection procedure.
Besides, the timing for both UL carrier and SUL carrier will be decided depending on the same downlink carrier. So the timing requirement for the SUL carrier also needs be specified.
3. Discussion
3.1. RRM impact on uplink sharing
1. UL transmission selection in the connected mode
There are two use cases for UE to perform UL transmission selection. One use case is due to UE mobility. For example UE moves from cell centre (where UE uses NR UL on f2) to cell edge as show in Figure 2. Due to the coverage shortage of UL carrier of f2, it is possible for network to indicate UE to change its PUSCH and/or PUCCH transmission on the SUL carrier of f1.
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Figure 2: UL/SUL selection in the connected mode
Another use case would be to enable the physical layer low latency. As discussed in RAN1, the “basic” supported case is that PUSCH/PUCCH on the same UL carrier (i.e. SUL or regular UL) as shown in Figure 3. For the legacy use case where the NR operation is on a TDD band, the downlink ACK/NACK transmission delay is constrained by the available uplink resources. If the static uplink-downlink configuration #2 is used to match the asymmetric traffic mode for uplink and downlink, only two uplink transmission occasions exist every 10ms. But if the uplink sharing is used, the uplink resource is available for downlink transmission at any time. In the basic supported case, the processing time could be reduced to 1ms.
Compared to the self-contained structure, the gap overhead could be saved and the inter-cell interference from downlink to uplink when the configurations are different across cells can be avoided. So the uplink sharing could be also considered as a low latency solution when the LTE resource can be shared by NR in addition to the self-contained frame structure.
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Figure 3: PUSCH/PUCCH basic support
The UL transmission selection procedure in connected mode is illustrated in Figure 4. So far it is not decided in RAN1 the PUSCH/PUCCH selection indication in this procedure is through physical indication, MAC CE, or RRC signalling. Anyway the procedure is to some extent alike the SCell activation/ deactivation procedure in LTE. So from RRM requirements perspective we think the UL transmission selection delay could be defined. Accordingly the possible interruptions at UL transmission selection would need to be defined as well especially if the MAC CE or RRC signalling will be finally adopted for UL/SUL carrier selection.
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Figure 4: UL selection in connected mode
2. Timing requirements 
The timing requirements in NR are under discussion. In general the transmission timing (Te), transmit timing adjustment step (Tq) and TA error in NR are different from LTE. In uplink sharing scenario, the timing requirements become more complicated. But the good progress on the operation without uplink sharing was made in previous meetings. Since the LTE-NR co-existence is part of Rel-15 NR, we should also taken uplink sharing into account when we specify the timing requirements.
For the case of SA, UE transmits the LTE uplink data by following the LTE timing requirements, and transmit NR data by following the NR timing requirements. Compared to the NR operation without SUL, the SUL carrier timing also needs be decided depending on SUL SCS and/or DL carrier in the similar way to regular UL carrier. So the timing requirement needs be specified for SUL carrier.
For the case of NSA uplink sharing “from network perspective”, if UL carrier and SUL carrier are not on the same band, then the UL carrier and SUL carrier could be transmitted simultaneously. For that case, the similar analysis as for SA can apply and the separate timing requirements can be applied for LTE and NR.

For the case of NSA uplink sharing “from network perspective”, if UL carrier and SUL carrier are on the same band, then in order to avoid the big power back-off due to the same PA utilized, the UL carrier for LTE and SUL carrier for NR could not be used simultaneously for uplink transmissions, and thus the alternative LTE UL carrier and NR SUL carrier transmissions in the subframe level TDM mode will be carried out. Then the timing requirements for LTE and NR will apply separately for different subframes. In that case, to simplify the timing requirements, we would like to limit the side condition to LTE-NR collocation scenario with the same SCS on LTE and NR uplink, which could simplify the timing requirements in uplink sharing scenario. 
For the case of NSA uplink sharing “from UE perspective”, a UE could support NR and LTE transmission on a carrier simultaneously in a TDM manner.  So the potential issue is what timing requirements UE shall follow, too. Thus for that case, the similar limitation of side condition as for the above NSA uplink sharing case could be applied. And we think the timing requirements of UL sharing and the corresponding UE behavior need to be careful discussed.
3. RACH carrier selection
For SA operation, in the idle mode/for initial access, the procedure for the PRACH carrier selection is shown in Figure 5. The UE selects the PRACH resource on which carrier according to the measurement thresholds broadcast by network. In our understanding, such PRACH selection procedure is a new procedure in NR. As per the principle that important procedure shall have corresponding RRM core requirements, so we think the requirements for RACH carrier selection shall be specified. 
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Figure 5: Idle mode UL selection
The agreements for initial access and RACH procedure are as follows:

· Agreements from RAN1 #90

· 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
There are several use cases for RACH procedure: initial access, RACH after DL and DL un-syc, RRC re-establishment, and handover.
For the first two use cases, there was no RRM requirements specified in LTE. Only the requirement for RACH in the RRC re-establishment and handover procedure are specified. We expected that the same situation may happen for NR. But if the new RACH requirements were specified for initial access and RACH after DL and DL un-syc, we could also consider uplink sharing. Otherwise, we only need to consider the handover requirements including RACH procedure for uplink sharing.
For the handover procedure, it is expected that the network will decide which one of UL or SUL carrier will be used for PRACH. 
In our view, the RACH procedure delay time TIU could not vary with the selection of UL or SUL. But in order to guarantee the proper UE behaviour, we would like to add a text description to require UE to follow the network indication to select either UL or SUL for PRACH transmission in the handover requirements with RACH procedure.  

3.2. Summary

As UL sharing is agreed as one of the important LTE/NR DC deployment scenarios, the corresponding RRM requirements of UL sharing shall be specified. Table 1 gives a summary of RRM requirements needed to be defined for UL sharing. Moreover considering the work load of NR, the timeline are also provided in the below table.
Table 1: RRM requirements for UL sharing
	Requirements
	NSA from network (by Dec 17)
	NSA from UE (by Jun 18)
	SA (by Jun 18)

	RRM
	·  Uplink carrier selection delay & interruption
·  Timing requirements: Te/Tq/TA adjustment
	·  Uplink carrier selection delay & interruption
·  Timing requirements: Te/Tq/TA adjustment
	·  RACH selection with f1 & f2 in handover requirements
·  Uplink carrier selection delay & interruption
·  Timing requirements: Te/Tq/TA adjustment


4. Conclusions

This contribution provides the analysis on UL sharing impact on RRM requirements. According to the analysis, we propose that 

Proposal: The following RRM requirements which need to be defined and the corresponding timeline are given.
	Requirements
	NSA from network (by Dec 17)
	NSA from UE (by Jun 18)
	SA (by Jun 18)

	RRM
	·  Uplink carrier selection delay & interruption

·  Timing requirements: Te/Tq/TA adjustment
	·  Uplink carrier selection delay & interruption

·  Timing requirements: Te/Tq/TA adjustment
	· RACH selection with f1 & f2 in handover requirements
·  Uplink carrier selection delay & interruption

·  Timing requirements: Te/Tq/TA adjustment
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