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1. Introduction

In last RAN4 meeting, an LS on TA-offset was send to RAN2. For the cases that LTE cell and NR cell are on the same TDD carrier in FR1 or not on the same TDD carrier in FR1, RAN4 agreed to apply separate value of TA-offset for uplink transmission of NR cell.  In this contribution, we provide our further discussion on these issues on TA-offset requirements.
2. Discussion
For TDD operation, the timing advance between UE transmit timing and receiving downlink timing includes a constant duration and a dynamic range of UE transmit timing adjustment. The constant duration is set to allow uplink-to-downlink switching in a TDD cell and is denoted as TA-offset.

2.1. NR cell and LTE cell on the same TDD carrier
For a TDD carrier in FR1, if there only exists uplink transmissions of NR cells, it was agreed that the value of TA-offset could be defined as 13μs. We analysis whether the same value 13μs could be applied for NR TDD cell when LTE cell and NR cell are on the same TDD carrier.
The UL-DL configurations for both NR cell and LTE cell shall be aligned, otherwise cross interference will occur between uplink and downlink. The discussion in this section is based on the assumption that NR cell and LTE cell have the same UL-DL configuration. Hence, the guard period (GP) shall be at least 71.35μs, i.e. the minimum guard period in LTE.
2.1.1. UE-UE interference
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Figure 1: Example for UE-UE interference between NR and LTE on a TDD carrier
As shown in figure 1, both NR cell and LTE cells will transmit and receive signals on TDD carrier f1. UE1 is connected to a LTE cell and UE2 is connected to a NR cell. It was assumed that NR uplink transmission and LTE uplink transmission apply different TA-offset values, i.e. 20μs for LTE and 13μs for NR. If there is no downlink timing misalignment between UE1 and UE2 which is caused by different propagation delay and BS TAE, it can be observed that no cross interference occurs between UE1 and UE2.
Observation 1: there is no extra UE-UE interference due to different TA-offset values for NR cell and LTE cell on the same TDD carrier.
2.1.2. BS-BS interference
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Figure 2: Example for BS-BS interference between NR and LTE on a TDD carrier
When the values of TA-offset for LTE cell and NR cell are 20μs and 13μs respectively, Figure 2 shows the BS-BS interference between LTE cell and NR cell. Due to a shorter TA-offset for NR, the downlink signal transmitted by LTE cell will have an interference on uplink signals received by NR cell during UL-to-DL switching period. The interference is extremely serious when LTE cell and NR cell are co-located. In order to avoid BS-BS interference, it is suggested to apply the same TA-offset value for both LTE TDD cell and NR TDD cell on the same TDD carrier.
Proposal 1: For the case of LTE cell and NR cell coexistence in FR1, the value of TA-offset for NR TDD cell is suggested as 20us, which is same value for LTE TDD cell.
2.2. TA-offset for SUL
Currently, RAN1 has achieved the following agreements on NR timing.

	Agreement:
· UL and SUL of the same cell are in the same TAG.

· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing

The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH

Agreement: (RAN1#92 meeting)
NTA-offset of SUL is the same as that of UL 

· The granularity of NTA-offset is the same as that for CA operation


It could be observed that TA and TA-offset for SUL is the same as that of UL in the same cell.
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Figure 3: Example for EN-DC case with NR cell configured a SUL carrier
In case of EN-DC operation, UE can be connected to a LTE FDD cell and a NR TDD cell configured with a SUL carrier, where NR SUL and LTE UL coexists in the same frequency carrier. For a co-located deployment, the reference timing error between NR cell and LTE cell could be assumed as zero. As shown in Figure 3, the timing difference between NR SUL and LTE UL can be denoted as TTA-offset+TTA2-TTA1. For PRACH transmission, TTA2 are defined as zero and TTA1 is the timing advance value in MAC messages from LTE cell. The transmission timing error between NR SUL and LTE UL is TTA-offset -TTA1. For data transmissions, TTA2 is the timing advance value in MAC messages from NR cell. The transmission timing of NR SUL and LTE UL could be aligned by network indicating proper TA command. 
Proposal 2: According to RAN1 agreements, the TA-offset value for SUL is suggested to be same as that of UL in the same cell.
Observation 2: For synchronous EN-DC operation with co-located deployment, the transmission timing of NR SUL and LTE UL could be aligned by network indicating proper TA command.
2.3. Granularity of TA-offset

The UE transmit timing adjustment shall consider the timing quantization, i.e. the TA-offset shall be multiples of sampling interval.
Table 1: Sampling intervals for minimum BW with different SCS for FR1 and FR2
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15KHz
	30 KHz
	60 KHz
	60 KHz
	120 KHz

	Minimum Bandwidth of UL transmission
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sample period of UL transmission
	256TC
	256 TC
	128 TC
	32TC
	32TC


Table 1 shows the sampling interval of minimum uplink bandwidth with different subcarrier spacing. Currently, the TA-offset requirements are per-FR defined. For FR1, the minimum bandwidth is 5MHz and a sampling interval equals to 256TC. The TA-offset value for FR1 shall be multiples of 256TC. For FR2, the minimum bandwidth is 50MHz and a sampling interval equals to 32TC. The TA-offset value for FR2 shall be multiples of 32TC.
Proposal 3: The TA-offset requirements shall consider the timing quantization with minimum bandwidth.
Based on the above analysis, the following proposal is suggested:
Proposal 4: The TA-offset requirements are suggested as in Table 2 and Table 3.
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	FDD in FR1 or FR2
	0

	TDD in FR1
	25600 or 39936 (Note 1)

	SUL in FR1
	Note 2

	TDD in FR2
	13792
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 is determined from the network configuration via parameter [TBD] as specified in TS38.331. The value of 
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 may be set as 39936 to avoid the potential interference from LTE downlink transmission to NR uplink reception when the NR cell has overlapping coverage areas with at least one LTE cell.
Note 2: The value of 
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3. Conclusions

This contribution provides our analysis on TA-offset applied for NR TDD cell which coexist with LTE TDD cell on the same carrier. The following observation and proposal are given: 
Observation 1: there is no extra UE-UE interference due to different TA-offset values for NR cell and LTE cell on the same TDD carrier.
Proposal 1: For the case of LTE cell and NR cell coexistence in FR1, the value of TA-offset for NR TDD cell is suggested as 20us, which is same value for LTE TDD cell.
Proposal 2: According to RAN1 agreements, the TA-offset value for SUL is suggested to be same as that of UL in the same cell.
Observation 2: For synchronous EN-DC operation with co-located deployment, the transmission timing of NR SUL and LTE UL could be aligned by network indicating proper TA command.
Proposal 3: The TA-offset requirements shall consider the timing quantization with minimum bandwidth.
Proposal 4: The TA-offset requirements are suggested as in Table 2 and Table 3.
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