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1 Introduction
Currently, the MTTD requirements for intra-band EN-DC is defined in [5] as follows: 
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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:





In this contribution, we provide our understanding on this issue and propose that, MTTD needs to be defined for intra-band EN-DC. We also propose to update MRTD requirements to accommodate for UE with single UL timing capability. 
2 Background 
MRTD is defined as having two components:
· Δ RF prop: relates to relative RF propagation delay difference which also provides the maximum deployment distance between two non-collocated cells.
· BS TAE (Transmit alignment error): The LTE and NR subsystems cannot be perfectly aligned in time, the level of accuracy depends of actual implementation and where closest shared common timing reference is placed, the further away from the Antenna Reference Point (ARP) the more inaccurate. For deployment flexibility different implementations must be possible to support even including interaction with existing installed LTE equipment. The LTE and NR subsystems will hence have different internal timings (TAE≠0).
Note in addition the channel creates additional time delay spread and this must of course also fit into a complete budget together with above if there are requirement for reception within the cyclic prefix (CP).
MRTD is defined for intra-band synchronous EN-DC in [5] as shown below:
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Minimum Requirements for intra-band EN-DC

For intra-band EN-DC, only collocated deployment is applied.

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal

from E-UT!
band EN-D

RA PCell and slot timing of signal from PSCell as shown in Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-
C provided the UE indicates that it is capable of asynchronous EN-DC operation[16].

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal

from E-UT!

RA PCell and slot timing of signal from PSCell as shown in Table 7.6.3-1. The requirements for

synchronous EN-DC are applicable for E-UTRA TDD-NR TDD and E-UTRA FDD-NR FDD intra-band EN-DC.

Table 7

.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
Sub-carrier spacing DL Sub-carrier Maximum receive timing
in E-UTRA PCell spacing in PSCell difference (ps)
(kHz) (KHz) Notet
15 15 3
15 30 3
15 60 3
NOTE 1: DL Sub-carrier spacing is min{SCSss, SCSpara}-

Table 7.6.3-2 Void




MTTD is directly related to MRTD, since MTTD is defined as: MRTD plus the UL transmission accuracy from the UE. The UL transmission accuracy is already defined in the 3GPP specifications for LTE and NR by covering various components in a uplink error budget.
MRTD is defined as 3us, while no MTTD is defined. According to 3GPP, UL timing follows the DL timing for each of the RATs with additional 3GPP specified allowed UE uplink errors. Thus, without any MTTD defined for intra-band synchronous EN-DC, there will be a mismatch in 3GPP. 

Observation: UL timing follows the DL timing in 3GPP. 

This is shown in the figure below. As shown in the figure, the MRTD corresponding MTTD need to be defined for intra-band EN-DC even when only collocated deployment is allowed in Rel-15. Basically, here for intra band ENDC which is restricted to co-located deployments (Δ RF prop =0). The reason for MRTD≠0 in ENDC is due to that LTE and NR have different internal timings (i.e. also TAE≠0). If e.g. NR DL reception at the UE is late (MRTD≠0) it means that the NR systems timing is delayed compared to LTE. This also then of course means that the corresponding UE NR uplink transmission must have a delay offset compared to LTE to correctly match the NR timing. This is handled by having two independent TA loops for the uplinks that makes sure the uplink is received correctly for both LTE and NR independently. 

Note: The uplink reception at the base station for both NR and LTE must be aligned towards other UE uplink transmissions in the cell not only for a specific UE with ENDC connection i.e. multiple relations exist in the uplink.  
[image: image3.emf]TA1

TA2

LTE DL CC

NR DL CC

LTE UL CC

NR UL CC

MRTD

MTTD


Figure 1 Relationship of MRTD and MTTD according to RAN2 EN-DC timing spec
Also, if no MTTD requirement is applied here based on single PA UE implementation (or common iFFT), then it should be limited to same SCS on the different carriers for the intra-band EN-DC deployments. The uplink reception at the base station must still be within the CP including relations between independent UEs and allow for channel delay spread. 
Based on the above discussions, we observe the following:
Observation:

· For inter ENDC operation LTE and NR cannot be perfectly aligned in time, the accuracy depends of actual implementation configuration and where closest shared common timing reference is derived. 

· The LTE and NR subsystems will have different internal timings (BS TAE≠0) and for intra band ENDC with ΔRF propagation =0 it is already in the specified with MRTD≠0 (3us).
· The MTTD = MRTD + uplink errors which means MRTD≠0 ( MTTD≠0
3 Discussion on UL timing capabilities 
Since LTE and NR are different RATs, it will be highly unlikely that these two different RATs will have same timing. NR will have different timing than LTE, thus mandating same uplink timing as for LTE for a EN-DC UE will create time misalignments for other NR uplink receptions within the NR cell or vice versa if LTE follow the NR timing.

In the previous discussions, there are two different non-compatible items for intra-band EN-DC as listed below:

· Separate TAG for LTE and NR cells: As far as our understanding of the RAN2 on UL timing for EN-DC, each cell group (CG) has their own TA and separate TAG are applied for EN-DC. Thus, Figure 1 above shows the current understanding. This means that the TAE included in the MRTD budget (as for today 3us) can be handled without large uplink misalignment.
· Same UE uplink transmission timing for both LTE and NR cell, this is only needed for UEs with single PA and single IFFT is used (only practical for same 15-15k SCS), such that the timing is completely identical. This also means that, both LTE and NR cannot follow separate TAGs and that the uplink will be misaligned. With existing MRTD (TAE) of 3us the uplink does not fit within the CP (needs to add channel delay spread and the maximum allowed 3GPP specified uplink error budget).
It is our understanding that, standard should not define/limit the implementation nor for nor the base station or the UE. Thus, we propose to provide solutions where both the above parts can be satisfied. 
· Current MRTD definition is applicable to different TAGs for LTE and NR; and thus with existing MRTD definition, single PA implementation will not be possible. Single PA and single IFFT mean that, two RATs follow exactly the same time, thus not possible to implement when MRTD is defined as 3us.
Note: The MRTD as defined is also not compatible with a UE with single RX chain (FFT) if a relation to CP needs to be considered (also taking account that normally majority of the CP should be allocated to channel delay spread).
· For a UE that is only capable of single UL timing due to e.g. single PA and single IFFT implementation, and if the base station can meet a stricter synchronization between LTE and NR, a second MRTD will need to be re-defined to 260ns (same as for contiguous CA) and limited to only applicable for same 15kHz SCS to be used in both LTE and NR carrier as a pre-condition. Also note that, this is only applicable for UE configured for simultaneous UL transmissions (which is e.g. not the case if the intra band operation is shared between NR and LTE in the time domain i.e. a TDM scheme).
In addition to above understanding and based on a RAN1 decision in November 2018 as received by RAN4 in an LS from RAN1 [6], RAN1 proposed to introduce a UE capability bit, which is only applicable when dynamic power sharing capable UE operates in intra-band contiguous synchronous EN-DC network. “
If not voided subsequently, the bit is used for handling UEs that can only apply same timing between NR and LTE [6].” 
Based on this, the following was introduced in TS 36.331 [7]:
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4 MRTD and TTD requirements for intra-band synchronous EN-DC
As for covering both the cases, we propose to update MRTD as follows:

Table 1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)
	

	15
	15
	3
	When the UE can support multiple TAG for LTE and NR  

	15
	15
	0.26
	When the UE can support only one UL timing for both LTE and NR (relevant only if simultaneous UL transmission can occur). Signalled through ENDC UE capability. 

	15
	30
	3
	

	15
	60
	3
	

	Note1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
	


Corresponding MTTD requirement will follow MRTD added by UL transmission accuracy value. This is shown in the table below. 
Table 2 Maximum transmission timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum transmission timing difference (µs)
	

	15
	15
	3 + 2.21 = 5.21
	When the UE can support multiple TAG for LTE and NR only 

	15
	30
	3 + 2.21 = 5.21
	

	15
	60
	3 + 2.21 = 5.21
	

	NOTE 1:
UL Sub-carrier spacing is min{SCSSS, SCSDATA}.
	


Note that, MTTD will not be defined for the case when UE supports only one UL timing.

The above requirements will also cover both the single PA implementation and multiple TAG implementation, since single PA implementation (or single TAG scenario) which will require a transmission difference ~0 and base stations with different capabilities for strict synchronization.
The received uplink timing difference at NR between individual UEs could be somewhat worse than normal (max 260ns + some part related to additional worst-case uplink errors in LTE due to its condition with 1.4MHz BW which gives somewhat larger uplink error not present in NR).
5 Conclusion
In this contribution, we discussed MRTD and MTTD requirements for intra-band synchronous EN-DC. We observe the following:
Observation:

· For inter ENDC operation LTE and NR cannot be perfectly aligned in time, the accuracy depends of actual implementation configuration and where closest shared common timing reference is derived. 

· The LTE and NR subsystems will have different internal timings (BS TAE≠0) and for intra band ENDC with ΔRF propagation =0 it is already reflected in the specified with MRTD≠0 (3us).
· The MTTD = MRTD + uplink errors which means MRTD≠0 ( MTTD≠0

Proposal-1: Define MTTD for intra-band EN-DC as follows, valid for LTE and NR having different TAG and follow different timing:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum transmission timing difference (µs) 

	15
	15
	5.212

	15
	30
	5.21

	15
	60
	5.21

	NOTE 1:
UL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:   This is not applicable for UEs that is only capable of handling a single UL timing for E-UTRA and NR cell (ul-TimingAlignmentEUTRA-NR).


Proposal-2: Define MRTD of 260ns for UEs that can only support one single timing for both LTE and NR cells. This is only applicable when same SCS is used at both LTE and NR carrier (15-15kHz), if simultaneous uplink transmission can occur and if the base station can achieve the stricter synchronization. The UE characteristics is identified by UE capability signalling.
· Update the MRTD table as follows:

	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3, 0.262

	15
	30
	3

	15
	60
	3

	NOTE 1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:   This is applicable for UEs that is only capable of handling a single UL timing for E-UTRA and NR cell (ul-TimingAlignmentEUTRA-NR).


Based on these proposals, we proposed a draft CR in [3]. 
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