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1. Introduction

In RAN#75 meeting, the work item for NR were approved in [1]. Based on the agreed text proposal for TR38.803 in [2], the timing aspects of NR RRM shall be investigated in work item phase. In this contribution, we will provide the initial considerations on the timing aspects from RRM perspectives.
2. Discussion
There are two main types of timing aspects related requirements, which should be analysed in RAN4. One type of requirements is related to the UE transmit timing. Another is related to the BS transmit timing. The more details are described in the following sections.
2.1. UE timing related aspects
The transmit timing of the uplink frame for UE is generated from the received timing of downlink frame from the serving BS. Since the received timing will fluctuate according to changes in the propagation, the transmit timing should also be controlled according to the received timing. Therefore, the following two cases are discussed.

· initial UE transmit timing accuracy

· UE transmit timing tracking 
Initial UE transmit timing accuracy
In NR, the accuracy of the transmit timing with respect to the received frame timing when the UE starts transmission should be specified.
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Figure 1: Example for uplink/downlink timing observed from BS and UE perspectives (initial Tx timing)
As example in Figure 1, The BS must search a time range that accounts for both the propagation delay Tprop,BS-UE expected from the cell radius and the error Te in the UE transmit timing. Because the manufacture cost of the BS is affected by the search range, it should be as small as possible from the BS’s view point. Since the cell radius depends on the network deployment, the UE transmit timing error shall be properly controlled which will not significantly limit both BS implementation and UE implementation. 
Proposal 1: The requirements on initial UE transmit timing accuracy shall be studied and specified in NR.
Tracking timing changes
The received timing might change due to UE movement, changes in the channel condition or timing drifting of the serving BS. The UE shall have capability to follow the timing change of the reference downlink frame. The requirements on UE transmit timing adjustment shall be investigated to ensure UE to follow the timing changes and minimize the increase cost of necessary BS manufacture. In E-UTRAN, the maximum time adjustment step, the minimum adjustment rate and the maximum adjustment rate are specified, which can be used as a starting point for studying NR requirements.
Proposal 2: The requirements on UE transmit timing adjustment shall be studied and specified in NR.
2.2. BS timing related aspects
2.2.1. Cell synchronization error for TDD
TDD operation is supported in NR. For TDD operation, both uplink and downlink are transmitted on the same component carrier. Figure 2 diagrams the uplink/downlink timing on a TDD carrier from both BS and UE sides. BS is the serving node for UE.
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Figure 2: Uplink/Downlink Timing on a TDD carrier from BS and UE sides
Where, Tprop,BS-UE shows the propagation delay between BS and UE. TBS,TX-RX/RX-TX and TUE,TX-RX/RX-TX show BS ramping down/up time and UE ramping down/up time respectively. TTA is the timing advance between UE transmit timing and receiving downlink timing. TGP is the guard period for TDD operation.
In LTE, the requirements on inter-cell synchronization error for TDD cells has been defined to avoid cross-link interference, which should also be considered in NR. 
Proposal 3: RAN4 is suggested to study the requirements on TDD cell synchronization error for NR.

In this section, cell synchronization error for TDD are discussed from the aspects of BS-BS interference and UE-UE interference.

BS-BS interference
Beside the uplink signals from UEs in network, a BS also will receive the downlink signals from other BSs. 

Downlink to Uplink switching point
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Figure 3: Diagram for BS-BS interference on DL-to-UL switching point (from BS1 side)
As shown in Figure 3, Terror describes the Tx timing error between BS1 and BS2. The ending time of BS2 power ramping down should not be later than the start of BS1 receiving uplink signals from UE1. Otherwise cross interference occurs between BS1 and BS2.

Terror + Tprop,BS1-BS2 + TBS,TX-RX < TGP – (TTA - 2 Tprop,BS1-UE1)
Terror < TGP – TTA + 2 Tprop,BS1-UE1 - Tprop,BS1-BS2 - TBS,TX-RX
The distance between BS1 and BS2 is twice the radius of the cell. If UE1 is very close to BS1, then the formula can be expressed as:
Terror < TGP – TTA - TBS,TX-RX - 2Tcell_radius
Uplink to Downlink switching point 
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Figure 4: Diagram for BS-BS interference on UL-to-DL switching point (from BS2 side)
As shown in Figure 4, the starting time of BS1 power ramping up should not be earlier than the end of BS2 receiving uplink signals. Otherwise cross interference occurs between BS1 and BS2.

Terror - Tprop,BS1-BS2 + TBS,RX-TX < TTA -2 Tprop,BS2-UE2 
Terror < TTA - TBS,RX-TX - 2 Tprop,BS2-UE2 + Tprop,BS1-BS2
If the BS1 and BS2 co-site sites are taken into account and UE2 is located at coverage edge of BS2, then
Terror < TTA - TBS,RX-TX - 2Tcell_radius
UE-UE interference
Beside the downlink signals from BSs in network, a UE also will receive the uplink signals from other UEs. 

Downlink to Uplink switching point 
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Figure 5: Diagram for UE-UE interference on DL-to-UL switching point (from UE2 side)
The starting time of UE1 power ramping up should not be earlier than the end of UE2 receiving downlink signal from BS2. Otherwise cross interference occurs between UE1 and UE2.

Terror + Tprop,BS2-UE2 – (Tprop,BS1-UE1 + Tprop,UE1-UE2) < TGP – TTA - TUE,RX-TX
Terror UE2 < TGP – TTA - TUE,RX-TX - Tprop,BS2-UE2 + Tprop,BS1-UE1 + Tprop,UE1-UE2
Considering the worst case, UE1 and UE2 are very close, and the propagation delay between UE1 and UE2 can be ignored. The difference between Tprop,BS2-UE2 and Tprop,BS1-UE1 is can also be very limited.
Terror < TGP – TTA - TUE,RX-TX 
Uplink to Downlink switching point 
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Figure 5: Diagram for UE-UE interference on UL-to-DL switching point (from UE1 side)
The ending time of UE2 power ramping down should not be later than the start of UE2 receiving DL subframe.
Terror + Tprop,BS2-UE2 + Tprop,UE1-UE2 - Tprop,BS1-UE1 + TUE,TX-RX < TTA 
If UE1 is very close to the BS1, and the maximum distance of UE2 from BS2 and UE1 is the cell radius, then the formula can be expressed as:
Terror < TTA - TUE,TX-RX - 2Tcell_radius
From the above analysis, it can be observed that the cell synchronization error is affected by several factors, including cell coverage radius, dynamic range of UE transmit timing adjustment, the length of guard period, the time of BS and UE power ramping up/down etc.
Cell coverage radius depends on network deployment and the dynamic range of UE transmit timing adjustment are related to environment changes.
The length of guard period relies on the physical layer design. In E-UTRAN, the minimum length of guard period is defined as one symbol. In NR, the length of one symbol varies with the numerology. So, the requirements on TDD cell synchronization error might be impacted with the numerology.
Proposal 4: In NR, RAN4 should investigate the requirements on TDD cell synchronization error in consider of the following restrictions:
· Terror < TGP – TTA - TBS,TX-RX - 2Tcell_radius
· Terror < TTA - TBS,RX-TX - 2Tcell_radius
· Terror < TGP – TTA - TUE,RX-TX
· Terror < TTA - TUE,TX-RX - 2Tcell_radius
Proposal 5: RAN4 should investigate the requirements on TDD cell synchronization error with different numerologies based on RAN1’s decisions.
3. Conclusions

This contribution provides initial analysis on the requirements on timing aspects for NR. The following proposals are given: 
Proposal 1: The measurement requirements of channel busy ratio shall be defined, including measurement period and measurement accuracy.
Proposal 2: The requirements on UE transmit timing adjustment shall be studied and specified in NR.
Proposal 3: RAN4 is suggested to study the requirements on TDD cell synchronization error for NR.

Proposal 4: In NR, RAN4 should investigate the requirements on TDD cell synchronization error in consider of the following restrictions:

· Terror < TGP – TTA - TBS,TX-RX - 2Tcell_radius
· Terror < TTA - TBS,RX-TX - 2Tcell_radius
· Terror < TGP – TTA - TUE,RX-TX
· Terror < TTA - TUE,TX-RX - 2Tcell_radius
Proposal 5: RAN4 should investigate the requirements on TDD cell synchronization error with different numerologies based on RAN1’s decisions.
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