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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. [1] lists the necessary RRM requirements for uplink sharing. One of the requirements is related with PUSCH/PUCCH carrier configuration/deconfiguration. The contribution provides detailed analysis on this.
2. Discussion
2.1. Necessity of specifying uplink carrier RRC configuration delay
· Functionality
There are two use cases for UL/SUL RRC configuration. 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 1. 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 1: UL/SUL RRC configuration 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 2. 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.
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Figure 2 low latency example
In order to achieve the two objectives, the following agreements are 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


Table 1. PUSCH and PUCCH Configuration

	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


As per the RAN 1 agreements, the cases of PUCCH and PUSCH configuration are illustrated in Table 1. When network configures the related RRC signalling to UE, UE shall switch among the four cases. Herein one example is given:
Example (switching from case 4 to case 2): Firstly PUSCH transmission are both on NR UL carrier and SUL carrier but not simultaneously (case 4). When an RRC signalling configures to release PUSCH transmission on NR UL carrier, then PUSCH and PUCCH are transmitted on SUL carrier only (case 2). This example corresponds to Figure 1 that UE is moving to the cell edge and the coverage of NR UL carrier @ 3.5G is limited. We can’t deny that this is an important scenario and an essential network configuration. 
The example is just for well understanding. Besides the example, the switching among other cases also corresponds to important scenarios and functionality. We all know one principle that the essential functionality shall have RRM requirements to guarantee the correct UE behaviour. Thus the principle shall be applied for SUL feature.
Observation 1: The functionality of uplink carrier configuration is essential.

· Special characteristic

It shall also be noted that the uplink carrier configuration functionality has some special characteristics:
· Firstly, 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. This is a new type cell in NR.
· Secondly, according the current specified SUL band and SUL band combinations [TR 38.817-1], SUL carrier and UL carrier are in different band. 
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.


In LTE, there is no such scenario that a cell has two uplink inter-band carriers. Moreover the RRC signaling is configured to switching among resource configuration cases.

Observation 2: RRC configuration for a cell which has two uplink inter-band carriers shall be verified.
· UE behaviour

Taking the switching from case 1 to case 3 as an example, upon UE receiving SUL carrier reconfiguration RRC signalling in slot n, UE shall decode the RRC reconfiguration signalling, and then UE is going to “activate” the SUL carrier. “Activate” means the UE is to use the SUL carrier to transmission. The RF chain of SUL carrier is probably cold start. UE needs to adjust PLL, clock frequency and configure PA configuration on the SUL carrier RF chain.

It shall be noted that the above UE behaviour is not similar as SCell configuration in CA. As we know when a cell is configured as a SCell, it enters to the deactivated state. Thus UE doesn’t perform “activation” action for SCell configuration. The above UE behaviour is not similar as PSCell configuration in DC as well since RACH procedure shall be performed on PSCell. Moreover the above UE behaviour doesn't happen in other RRC configuration procedure. Thus the above UE behaviour during the uplink carrier reconfiguration shall be verified.
Observation 3: The correct UE behaviour during the uplink carrier RRC configuration shall be guaranteed.

In summary, RRM requirements of the uplink carrier RRC configuration shall be specified. In our understanding, two kinds of requirements shall be defined:
1. UE uplink carrier RRC reconfiguration delay

2. Interruptions at UL carrier RRC reconfiguration
The two requirements have different target. The interruption requirement is to verify the interruption impact on the victim carriers. The reconfiguration requirement is to guarantee the correct UE behaviour when received the RRC signalling and verify the timely transmission on the configured carrier. 
Proposal 1: Both RRM requirements of the uplink carrier RRC configuration including delay and interruption shall be specified.

2.2. Current status for UE uplink carrier RRC reconfiguration delay

In previous meeting, the requirements for SUL reconfiguration (including configure and deconfigure) were approved as below. The current requirements define the case that RRC signalling (de)configures PUSCH/PDCCH transmission on NR SUL carrier, and this means that switching from case1 to case 4 and switching from case 3 to case1 are guaranteed. 

	8.4
Supplementary UL carrier RRC reconfiguration Delay

8.4.1
Introduction

The requirements in this section apply for the UE being configured or deconfigured with a supplementary UL carrier. 

8.4.2
Supplementary UL carrier configuration Delay Requirement

When the UE receives a RRC message implying supplementary UL carrier configuration, the UE shall be ready to start transmission on the new UL carrier within TSupplementary_UL_config  from the end of the last slot containing the RRC command. 

TSupplementary_UL_config equals the maximum RRC procedure delay defined in clause x.y in TS 38.331 [2] plus the interruption time Tactivation_time.

Where:

Tactivation_time is the configured supplementary UL carrier activation delay. Tactivation_time is up to [TBD] slot.

8.4.3
 Supplementary UL carrier deconfiguration Delay Requirement

When the UE receives a RRC message implying supplementary UL carrier deconfiguration RRC signalling, the UE shall stop UL signalling within TSupplementary_UL_deconfig from the end of the last slot containing the RRC command.

TSupplementary_UL_deconfig equals the maximum RRC procedure delay defined in clause x.y in TS 38.331 [2].


However according to RAN1 agreements network can also configure PUSCH and PDCCH or PUSCH transmission on NR non-SUL carrier to UE by RRC signalling (e.g., RRC reconfiguration). That means that PUSCH and PUCCH or PUSCH can be dynamically scheduled on NR UL carrier which is in the same cell as the SUL. In our understanding, upon UE receiving NR UL carrier reconfiguration RRC signalling in slot n, UE shall decode the RRC reconfiguration signalling, and then UE is going to activate the NR UL carrier. Thus the NR non-SUL configuration/deconfiguration delay shall be specified as well. In other words, the behaviour of switching from case 2 to case 3 and switching from case 4 to case 2 shall be guaranteed as well.

In order to avoid the repetition, the SUL configuration/deconfiguration and NR non-SUL configuration/deconfiguration requirements are merged to one general requirement: Uplink carrier RRC configuration delay.
Proposal 2: The missing part of Uplink carrier RRC configuration delay (i.e., NR UL configuration/deconfiguration) shall be defined.

2.3. Uplink carrier RRC configuration delay

For uplink carrier configuration including SUL and UL carrier (with yellow highlight), the following RRC signaling IEs are specified in RAN2 [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


As we know the processing delay for RRC procedure in LTE is specified as,
	The UE performance requirements for RRC procedures are specified in the following tables, by means of a value N:

N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).


As per the above definition, the “activation” delay consumed for UE turn on a RF chain shall be included in the RRC procedure delay. 
Then the NR UL carrier reconfiguration delay requirements is modified as below:
TUL_carrier_config = RRC processing delay +TUL_grant
Where:

TUL_grant is the uncertain time required to acquire and process uplink grant.

The interruption at UL carrier reconfiguration specified in section 8.2.1.2.6 is allowed only during the RRC reconfiguration procedure.

Proposal 3: The NR UL carrier reconfiguration delay requirements shall be specified as below:

TUL_carrier_config = RRC processing delay +TUL_grant
Where:

TUL_grant is the uncertain time required to acquire and process uplink grant.

The interruption at UL carrier reconfiguration specified in section 8.2.1.2.6 is allowed only during the RRC reconfiguration procedure.

3. Conclusions

This contribution provides the analysis on PUSCH/PUCCH carrier configuration/deconfiguration delay. The following proposals are given:
Observation 1: The functionality of uplink carrier configuration is essential.

Observation 2: RRC configuration for a cell which has two uplink inter-band carriers shall be verified.

Observation 3: The correct UE behaviour during the uplink carrier RRC configuration shall be guaranteed.

Proposal 1: Both RRM requirements of the uplink carrier RRC configuration including delay and interruption shall be specified.

Proposal 2: The missing part of Uplink carrier RRC configuration delay (i.e., NR UL configuration/deconfiguration) shall be defined.

Proposal 3: The NR UL carrier reconfiguration delay requirements shall be specified as below:

TUL_carrier_config = RRC processing delay +TUL_grant
Where:

TUL_grant is the uncertain time required to acquire and process uplink grant.

The interruption at UL carrier reconfiguration specified in section 8.2.1.2.6 is allowed only during the RRC reconfiguration procedure.
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