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1 Introduction

In this contribution, we provide our understanding on UL timing for intra-band EN-DC and discuss the LSs from RAN1 and RAN2. 

2 Background 
In last meeting, an LS on UL timing related capability for intra-band EN-DC was sent to RAN2 and RAN4 [1]. The agreements related to RAN4 are as follows:
	· Introduce a new capability bit. 

· The bit is applicable only for the cases where 

· A dynamic power sharing capable UE operates in an intra-band synchronous contiguous EN-DC network.

· FFS: A UE supporting FDM-based ULSUP.

· If not voided subsequently, the bit is used for handling UEs that can only apply same timing between NR and LTE.

· Decide after further progress in RAN4 on whether a UE setting this bit to 1 is supported and whether the associated UE behaviour for UEs reporting this capability needs to be differentiated.

· If there is a new UE behaviour defined, FFS how the network can simultaneously serve two different UE types 

· Whether the bit is set or not, the UE is capable of receiving independent TA commands on the MCG and the SCG

· UEs that set this bit to 0 should be able to operate with a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous EN-DC network.


For a dynamic power sharing capable UE operates in an intra-band synchronous contiguous EN-DC network, a UE capability with supporting the same UL timing between LTE and NR has already been defined in RAN2 spec. The necessity of such a capability for UE supporting FDM-based ULSUP is still FFS in RAN1. And if the capability bit is deemed unnecessary by RAN4, then the meaning of the bit can be obsoleted by RAN2.

And RAN2 sent another LS to RAN4, informing of the definition of UE capability ul-TimingAlignmentEUTRA-NR. RAN2 asks RAN4 what would be the meaning if ul-TimingAlignmentEUTRA-NR is reported for a band combination which consists of an intra-band EN-DC band combination + inter-(NR or LTE) Band(s). The related agreements are as follows:
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3 Discussion 
In RAN4 #90 meeting, we have discussed the requirement of MTTD for intra-band synchronous EN-DC. Companie proposes different values (i.e, 0us, 5.21us, and 500*2-u) for the minimum requirements of MTTD considering both UE and BS implementation. However, no consensus is reached leaving keeping the current requirement in TS 38.133. 
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For intra-band EN-DC, only collocated deployment is applied.

The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and
P

SCell as shown in Table 7.5.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is
capable of asynchronous E:





Therefore, only the requirement for intra-band asynchronous EN-DC operation has been defined in RAN4. According to 3GPP, UL timing follows the DL timing for each of the RATs with additional 3GPP specified allowed UE uplink errors. MTTD is defined as MRTD plus the UL transmission accuracy from the UE, with UL transmission accuracy defined as ~2.21us. Regarding MRTD already defined for intra-band EN-DC as 3us in Table 7.6.3-1, if no requirement for MTTD was defined for intra-band synchronous EN-DC, it will cause misunderstanding. 
In addition, according to [1], current RAN4 definition for the EN-DC timing requirements in TS38.133 are summarized in table 1 below:

Table 1: EN-DC timing requirements and the possible new UE capability

	Case
	Band combination
	SCS [kHz]
	MRTD [µs]
	MTTD [µs]

	Async
	Inter-band(1
	{15,30,60,120}
	500*2-µ
	500*2-µ

	
	Intra-band(2,4
	{15,30,60}
	500*2-µ
	500*2-µ

	Sync
	Inter-band(1,5
	{15,30,60,120}
	33
	35.21

	
	Intra-band(2,3,4
	{15,30,60}
	3
	No requirement 


1) Applicable for E-UTRA TDD -NR TDD, E-UTRA FDD - NR FDD, E-UTRA TDD - NR FDD, E-UTRA FDD - NR TDD

2) Applicable for E-UTRA FDD - NR FDD
3) Applicable for E-UTRA TDD - NR TDD
4) Only collocated deployment is applied

5) Need for this requirement is FFS as per an editor’s note in 38.133 due to async being UE-mandatory

Obeservation1: No requirements on MTTD for intra-band sync EN-DC may lead to misunderstanding. Current spec can be maintained according to the options provided by companies.
On UL timing for EN-DC, each cell group (CG) has their own TA and separate TAG are applied for EN-DC. Different types of UE can be capable of operating multiple TAG or not. And as different PA implementations can be used for different intra-band combination, whether 0us can be achieved by different architectures neeed to be clarified. Anyway, different values should be defined for corresponding cases, with as small MTTD as possible to maintain the performance. In addition, whether network can support well for different types of UEs should been further checked. 
Obeservation2: Whether UE is capable of UL timing capability depends on both UE and network implementation.
Meanwhile, for inter EN-DC operation, synchronous operation of LTE and NR is suggested to be studied in RAN4. Whether LTE and NR can be perfectly aligned in time, the accuracy depends of actual implementation configuration and where closest shared common timing reference is derived. 
RAN2 LS point out that UE may be indicated to apply same UL timing for both intra-band and inter-band sync EN-DC operation. If the base station can meet a stricter synchronization between LTE and NR, a UE that is only capable of single UL timing due to e.g. single PA or single IFFT implementation can meet such a UE capability.

Otherwise, RAN4 should inform RAN2 of the cases that UE cannot fulfil the same UL timing for intra-band or inter-band EN-DC operation. 
Observation3: Whether to define the requirement for MTTD for inter-band sync EN-DC should be concluded in this RAN4 meeting.
If yes, the requirements should also cover both single Tx and multiple TAG implementation for UE, and the network need to be maintained to simultaneously serve two different UE types for inter-band EN-DC operation.
4 Conclusion
In this contribution, we discussed UL timing requirements for intra-band and inter- band sync EN-DC. We observe the following:
Obeservation1: No requirements on MTTD for intra-band sync EN-DC may lead to misunderstanding. Current spec can be maintained according to the options provided by companies.
Obeservation2: Whether UE is capable of UL timing capability depends on both UE and network implementation.
Observation3: Whether to define the requirement for MTTD for inter-band sync EN-DC should be concluded in this RAN4 meeting.
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RAN2 specifications currently defines the UE capability parameter ul-TimingAlignmentEUTRA-NR with the following field description. This UE capability parameter is signalled per band combination and is only valid for intra-band EN-DC according to the definition.


ul-TimingAlignmentEUTRA-NR


Indicates whether to apply the same UL timing between NR and LTE for dynamic power sharing capable UE operating in intra-band contiguous synchronous EN-DC. If this field is absent, UE should be able to operate with a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous EN-DC network.


RAN2 would like to ask RAN4 what would be the meaning if ul-TimingAlignmentEUTRA-NR is reported for a band combination which consists of an intra-band EN-DC band combination + inter-(NR or LTE) Band(s). 








