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1. Introduction

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. In the last RAN4#84bis meeting, the preliminary analysis on RRM impact of uplink sharing was provided in [2].  In this contribution, we would like to provide the further analysis on the necessary RRM requirements on uplink sharing.
2. Background 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 agreed to be specified in Rel-15.

The SUL mechanism is specified for the scenario where the one downlink operation band is associated with two or multiple uplink operation bands. 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. The following SUL band and SUL band combinations was agreed in [TR 38.817-1] for both SA and NSA.

Table 4.1-3: New NR bands in FR1.
	Band number
	UL
	DL
	Duplex mode

	n1
	1920 – 1980 MHz
	2110 – 2170 MHz
	FDD

	n2
	1850 – 1910 MHz
	1930 – 1990 MHz
	FDD

	n3
	1710 – 1785 MHz
	1805 – 1880 MHz
	FDD

	n5
	824 – 849 MHz
	869 – 894MHz
	FDD

	n7
	2500 – 2570 MHz
	2620 – 2690 MHz
	FDD

	n8
	880 – 915 MHz
	925 – 960 MHz
	FDD

	n20
	832 – 862 MHz
	791– 821MHz
	FDD

	n28
	703 – 748 MHz
	758 – 803 MHz
	FDD

	n38
	2570 – 2620 MHz
	2570 – 2620 MHz
	TDD

	n41
	2496 – 2690 MHz
	2496 – 2690 MHz
	TDD

	n50
	1432 – 1517 MHz
	1432 – 1517 MHz
	TDD

	n51
	1427 – 1432 MHz
	1427 – 1432 MHz
	TDD

	n66
	1710 – 1780 MHz
	2110 – 2200 MHz
	FDD

	n70
	1695 – 1710 MHz
	1995– 2020 MHz
	FDD

	n71
	663 – 698 MHz
	617 – 652 MHz
	FDD

	n74
	1427 –1470 MHz
	1475 – 1518 MHz
	FDD

	n75
	N/A
	1432 – 1517 MHz
	SDL

	n76
	N/A
	1427 – 1432 MHz
	SDL

	n77
	3.3 – 4.2 GHz
	3.3 – 4.2 GHz
	TDD

	n78
	3.3 – 3.8 GHz
	3.3 – 3.8 GHz
	TDD

	n79
	4.4 – 5.0 GHz
	4.4 – 5.0 GHz
	TDD

	n80
	1710 – 1785 MHz
	N/A
	SUL 

	n81
	880 – 915 MHz
	N/A
	SUL 

	n82
	832 – 862 MHz
	N/A
	SUL 

	n83
	703 – 748 MHz
	N/A
	SUL

	n84
	1920 – 1980 MHz
	N/A
	SUL

	n85
	2496 – 2690 MHz
	N/A
	SUL


Table 4.1-2: Example notation for SUL and NR-LTE coexistence.

	Representation
	Corresponding functionality

	SUL_n78-n81
	Band combination of NR band n78 and band n81(SUL) for NR operation.

	DC_3-SUL_n78-n80
	LTE-NR DC between LTE Band 3, and NR bands n80 (SUL) and n78 including NR-LTE coexistence with UL sharing.


Two scenarios of uplink sharing are defined in [3]:

· 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

3. Overview on RRM impact on uplink sharing
It is agreed in RAN2 [RAN2#99bis chairman notes] that when SUL is configured, there are 2 ULs configured for one DL of the same cell. So in the following we use the below terminology:
· The NR UL linked to the NR DL according to the NR general operating band is termed “UL”.
· The NR SUL linked to the NR DL according to the SUL band combination is termed “SUL”.
3.1. Random access
The agreements for initial access procedure are as follows:
	· Agreements in 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
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Figure 2: Initial access based on RACH configuration on UL/SUL carrier
The above RACH procedure could be illustrated in Figure 2. The UE selects the PRACH resource on which carrier according to the measurement thresholds broadcast by network. Such random access procedure is a new procedure in NR. As we know, there are one specific requirement for Cat-M1 for eMTC in TS 36.133 duplicated as below. The requirements specify the PRACH resource selection procedure for Cat-M1 UE.
	6.2.3
Requirements for Cat-M1 UEs [TS 36.133]
In addition to the requirements defined in 6.2.1 and 6.2.2, a Cat-M1 UE shall also execute the random access procedure defined in clause 5.1 in TS 36.321 [17] using the PRACH configuration contained in PRACH-ConfigSIB in TS 36.331 [2]
-
Determines the enhanced coverage level based on the RSRP measurement and the configured criterion (RSRP-ThresholdsPrach [2]) as defined in section 5.1.1, TS 36,321 [17],

-
Selects PRACH resources [2] configured for the corresponding enhanced coverage level as determined in the previous step and;

-
Transmits or re- transmits PRACH preamble using the selected PRACH resources and PRACH configuration.


As per the same principle, we think the requirements for RACH configuration on UL/SUL carrier shall be specified as well for SA operation.
3.2. Handover
During handover procedure, it is expected that network could indicate UE to perform random access on UL or SUL carrier. 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.  

3.3. PUSCH/PUCCH carrier configuration/deconfiguration delay
It is agreed in RAN1#90bis,
	· 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


Taking PUSCH SUL carrier configuration as an example, network configures the PUSCH resource on SUL to UE by RRC signalling (e.g., RRC reconfiguration). When UE receives the RRC signalling, UE may need to activate the SUL carrier. When the SUL is ready, the RRC reconfiguration complete message will be sent to network. Note this procedure is not the same as the SCell activation procedure in LTE. In uplink sharing the SUL, UL and DL are called as a cell, so this procedure is related with carrier configuration rather than cell level configuration. In addition, the downlink and uplink timing have already acquired during the SUL carrier configuration procedure, so no additional time is needed to acquire the DL and UL synchronization. From RRM requirements perspective the UL PUSCH/PUCCH transmission carrier configuration/ deconfiguration delay shall be specified. 
3.4. Interruptions at PUSCH/PUCCH carrier configuration/ deconfiguration 

The detailed analysis of the interruptions during PUSCH carrier configuration/ deconfiguration procedure is provided in [4]. In our view, there is no interruption at PUSCH/PUCCH carrier configuration/ deconfiguration.
3.5. 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. 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.
· Transmission timing requirements
In NSA NR+SUL scenario, UE shall use the LTE DL(e.g., @1.8GHz)  as the reference for deriving the LTE uplink transmission timing. And UE shall use the NR DL (e.g., @3.5GHz) as the reference for deriving the NR UL and SUL transmission timing. So the transmission timing requirements (including Te and Tq) of LTE UL and NR (including NR UL and SUL) shall follow their individual requirements. 
Then consider the NR side (NR UL and SUL). It is agreed in RAN1 that the SUL and NR UL simultaneous transmission is not supported. So the timing requirements of NR UL and SUL shall follow their individual requirements. In other words, the SUL timing depends on SUL SCS and NR DL bandwidth, in the meanwhile the NR UL timing depends on the NR UL SCS and the NR DL bandwidth.

Consequently the LTE UL, NR UL and SUL transmission timing shall apply their individual transmission timing requirements.
· TA adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement. The TA adjustment accuracy depends on the uplink bandwidth. In essence, The TA adjustment accuracy shall not exceed the uplink sample rate. 
In NSA uplink sharing scenario, two uplink (i.e., NR UL and SUL) belong to one cell. So there is only one TA for SUL and NR UL. The bandwidth of NR UL and SUL may be different. So the TA adjustment accuracy of SUL and NR UL may be different. Thus TA adjustment accuracy of SUL and NR UL shall apply their individual requirements.
3.6. 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. Based on the above analysis, the following table provides a general overview on the RRM impact on SUL. The requirements which will not be impacted by SUL are marked with black font, and the requirements which may be impacted by SUL are marked with blue font. The specification structure is aligned with TS 38.133.
Table 1. Overview on RRM impact on uplink sharing
	RRM requirements
	Impact items

	Section 4 RRC_CONNECTED state mobility 
	

	4.1 Cell selection
	Measurement is performed on the DL carrier.

No impact

	4.2 Cell Reselection
	

	Section 5 RRC_INACTIVE state mobility 
	

	5.1 Cell Re-selection
	Measurement is performed on the DL carrier.

No impact

	5.2 RRC_INACTIVE Mobility Control
	

	Section 6 RRC_CONNECTED state mobility
	

	6.1 Handover
	Need some clarification since during handover procedure, network indicates UE to perform random access on UL or SUL carrier.

	6.2.1 RRC Re-establishment
	RRC connection re-establishment procedure for NR in RAN2 is not completed and is to be specified after December 2017

	6.2.2 Random access
	For initial access UE shall select the PRACH resource on which carrier according to the measurement thresholds broadcast by network. Such PRACH transmission procedure need to be specified in SA NR+SUL.

	Section 7
Timing
	

	7.1 UE transmit timing
	NR UL and SUL transmission timing shall apply their individual transmission timing requirements.

	7.2
UE timer accuracy
	No impact

	7.3
Timing advance
	For UE configured with SUL, the timing advance adjustment accuracy requirements shall apply to uplink(s) according to associated uplink SCS.

	7.4
Cell phase synchronization accuracy
	No impact

	7.5
Maximum Transmission Timing Difference
	

	7.6
Maximum Receive Timing Difference
	No impact

	Section 8
Signalling characteristics
	

	8.1 Radio Link Monitoring
	UE shall monitor the downlink link quality. 

No impact

	8.2 Interruption
	No interruptions

	New section 8.x additional PUSCH carrier configuration/deconfiguration delay
	New procedure of (re)configure/(de)configure SUL carrier

	Section 9 Measurement Procedure
	No impact

	Section 10 Measurement Performance requirements
	No impact

	Section 11 Measurements Performance Requirements for NR network
	No impact


4. Conclusions

This contribution provides the analysis on UL sharing impact on RRM requirements. According to the analysis, we propose that the following RRM requirements need to be specified.
	RRM requirements
	Impact content

	6.1 Handover
	Need some clarification since during handover procedure, network indicates UE to perform random access on UL or SUL carrier.

	6.2.2 Random access
	For initial access UE shall select the PRACH resource on which carrier according to the measurement thresholds broadcast by network. Such PRACH transmission procedure need to be specified in SA NR+SUL.

	7.1 UE transmit timing
	NR UL and SUL transmission timing shall apply their individual transmission timing requirements.

	7.3
Timing advance
	For UE configured with SUL, the timing advance adjustment accuracy requirements shall apply to uplink(s) according to associated uplink SCS.

	New section 8.x additional PUSCH carrier configuration/deconfiguration delay
	New procedure of (re)configure/(de)configure SUL carrier
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