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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.This contribution provides the analysis of interruption for SUL. 
2. Discussion
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


As per the RAN1 agreements, when the PUSCH locations are configured both on UL carrier and SUL carrier, then PUSCH can be dynamically scheduled between the UL carrier and SUL carrier. RAN4 has discussed the switching time during this scenario. And the following agreements are made in [2] at last RAN4 meeting,

The switching time between SUL and UL is ~0us for existing SUL band combinations in WID.
Thus from RRM point of view there is no interruption during the PUSCH dynamically scheduling between the UL carrier and SUL carrier.

Proposal 1: There is no interruption during the PUSCH dynamically scheduling between the UL carrier and SUL carrier.
Based on the RAN1 agreements, the PUSCH carrier configuration/deconfiguration cases are illustrated in Table 1.
Table 1. PUSCH/PUCCH carrier configuration/deconfiguration

	Case 
	NR UL
	SUL

	Case 1
	PUCCH + PUSCH
	N/A

	Case 2
	N/A
	PUCCH + PUSCH

	Case 3
	PUCCH + PUSCH
	PUSCH

	Case 4
	PUSCH
	PUCCH + PUSCH
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The above four cases are switched between each other through uplink carrier RRC signalling. In RAN2 the related RRC signalling IEs are specified as below [TS38.331 v15.0.1].

	ServingCellConfig ::=

SEQUENCE {

< not related contents are omitted>


uplinkConfig



UplinkConfig



OPTIONAL,
-- Need M


supplementaryUplink




UplinkConfig 



OPTIONAL, 
-- Need M
< not related contents are omitted>

UplinkConfig ::=




SEQUENCE {


-- The dedicated (UE-specific) configuration for the initial uplink bandwidth-part.


-- FFS: Discuss and then clarify in condition which serving cells have an initial BWP


initialUplinkBWP




UplinkBWP-Dedicated












OPTIONAL, 
-- Need M


-- The additional bandwidth parts for uplink. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered 


-- as a BWP pair and must have the same center frequency. 


uplinkBWP-ToReleaseList



SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id






OPTIONAL,
-- Need N


uplinkBWP-ToAddModList



SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkBWP





OPTIONAL, 
-- Need N


-- ID of the uplink bandwidth part to be used upon MAC-activation of an  SCell. If not provided, the UE uses the FFS: default BWP.


-- The initial bandwidth part is referred to by BandiwdthPartId = 0.


firstActiveUplinkBWP-Id



BWP-Id















OPTIONAL -- Cond SCellOnly
}

-- TAG-SERVING-CELL-CONFIG-STOP

-- ASN1STOP




In order to analyse the interruption requirements we try to take the worst case into account. The worst case is that firstly PUCCH and PUSCH location are on NR UL (case 1), then network configures SUL carrier to UE through RRC reconfiguration signalling, then UE is operating in case 3. For the current SUL combinations, the SUL and NR UL shall have separate RF chain (see Figure 2). The worst case is the RF chain of SUL carrier is cold start when receiving the  reconfiguration RRC signaling. The RF chain of SUL carrier shall be turned on. The time spent for PLL, clock frequency and PA configuration is about 150us. As SUL band and SUL band combination don’t include FR2 carrier, the maximum interruption on NR UL carrier is 1slot.
In addition, the moment the TX turns on may have a transient effect on RX, so considering the worst implementation, the configuration of SUL carrier may result in interruption on NR DL carrier. 
It is noticed that the above example is RRC reconfiguration of SUL (i.e., switching from case 1 to case 3). Similarly RRC reconfiguration of NR UL in order to switch from case 2 to case 4 would introduce interruptions on the transmission of SUL carriers and the reception of NR DL carrier as well. 
Proposal 2: During NR UL carrier RRC reconfiguration 
-the interruption on the SUL carrier in the same cell is up to 1 slot;
-the interruption on the NR DL carrier is up to 1 slot. 

During SUL carrier RRC reconfiguration 

-the interruption on the NR UL carrier in the same cell is up to 1 slot;

-the interruption on the NR DL carrier  is up to 1 slot. 


[image: image2]Figure 1. Simplified UE architectures for different implementations
3. Conclusions

This contribution provides the analysis on interruption requirements for SUL. The following proposals are proposed:
Proposal 1: There is no interruption during the PUSCH dynamically scheduling between the UL carrier and SUL carrier.
Proposal 2: During NR UL carrier RRC reconfiguration 

-the interruption on the SUL carrier in the same cell is up to 1 slot;

-the interruption on the NR DL carrier is up to 1 slot. 

During SUL carrier RRC reconfiguration 

-the interruption on the NR UL carrier in the same cell is up to 1 slot;

-the interruption on the NR DL carrier  is up to 1 slot. 

4. References

[1] RP-172108, NTT DOCOMO & drafting group, “Updated work plan of RAN 1 and 4 NR”, 3GPP TSG RAN plenary meeting #77, Sapporo, Japan, 11 – 14 Sep, 2017.
[2]  R4-1800475, On switching time between UL and SUL, Huawei, HiSilicon
Implementation 1





Implementation 2





3.5G





1.8G





3.5G





1.8G








8
4

_1579873307.vsd
Case 1


Case3


Configure uplink on SUL carrier


Dedonfigure uplink on SUL carrier


Case 2


Case4


Configure uplink on NR UL carrier


Dedonfigure uplink on NR UL carrier



