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1 Introduction

In RAN1#87, the following agreements were achieved related to the numerology [1]:

Agreements:
· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing 

· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied

· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

Agreement:
· For normal CP family, the following is adopted

· For Fs = 15 kHz * 2n (n is non-negative integer), 

· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs
· Other than the first OS in every 0.5msec, all OFDM symbols within 0.5msec have the same size

· The first OS in 0.5msec  is longer by 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OSs

· FFS: How to utilize this 16 Ts

· For Fs = 15 kHz * 2n (n is a negative integer)

· Each symbol length (including CP and 16 Ts) of Fs equals the sum of the corresponding 2-n symbols of 15 kHz

Thursday: Above FFS is replaced by:

· 16 Ts is used for CP for the first symbol
This contribution intends to discuss the impacts of numerology, especially for the multi-beam operation on TA maintenance in NR from RAN2 point of view.
2 Discussion

In LTE, only one numerology is supported, e.g. 15 kHz sub-carrier spacing with two types of CP length. The normal CP is approximate 5.2 us (first OFDM symbol)/4.7 us (remaining OFDM symbols) while the extended CP is approximate 16.7 us as shown in Figure 1. Furthermore the adjustment step of TA is 0.52 us, which is much shorter than the CP length.
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Figure 1: frame structure in LTE
For NR, RAN1 agreed “scalable numerology should allow at least from 15kHz to 480kHz subcarrier spacing. For Fs = 15 kHz * 2n (n is non-negative integer), each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs” as shown in the Table 1.
Table 1 normal CP family in NR
	Sub-frequency space
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	240 kHz
	480 kHz

	Normal CP (us)
	5
	2.5
	1.25
	0.625
	0.3125
	0.15625


Generally the coverage of a TRP is small, usually from 150 m ~ 1.5 km (radius) due to large path loss. To extend the cell coverage, multiple TRPs are likely to be put in different locations within a cell. Hence, the maximum propagation delay between a TRP and a UE is approximate 0.5 ~ 5 us. Considering the more severe Doppler frequency shift in frequency range above 6 GHz, larger sub-carrier spacing will be used, e.g. larger than 120 kHz. In this case the propagation delay will be larger than the CP. Therefore a TA value of 0 is no more applicable.
Observation 1: TA value should not be zero above 6 GHz.
Moreover, even if the TRPs are ideally synchronized and receiving timing are aligned, the path distances from different TRPs to the UE may be different, which still results in such receiving timing difference. To support robustness against beam pair link blocking, the UE should be allowed to send UL data on different beam pair link(s) simultaneously or in different time distance. Each beam pair link is a communication link between UE and a TRP and therefore the TA values of these beam pair links may be different. To avoid the inter-symbol interference, the UE should maintain multiple TA values within a cell, each for the corresponding TRP. One example is shown in Figure 2.
Based on the above analysis, we believe that per beam/TRP TA maintenance should be supported in NR. In addition, TA value may become inaccurate or even invalid due to UE mobility. As in LTE, the TA value can be adjusted by Timing Advance Command MAC CE or RAR, therefore we believe that it is also needed for NR.
Proposal 1: Per beam/TRP TA maintenance should be supported in NR.
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Figure 2: an example of multiple TAs within a cell (TA1 > TA2)
To avoid UL transmission on a beam pair link using an invalid TA value, similar to LTE, a beam-based Timing Advance Timer (TAT) should be used and configured for the beam pair link(s) with the same TA. To reduce signalling overhead, the gNB can group multiple beam pair links with the same TA value into a beam-based TAG. It is assumed that the multiple beam pair links can belong to a cell. Each beam-based TAG is associated with a beam-based TAT. The beam-based TAT is used to control how long the UE considers the beam pair links belonging to the associated beam-based TAG to be uplink time aligned. The UE only considers the TA to be valid when TAT is running. Otherwise, the UE cannot perform any uplink transmission on the beam pair link when the associated TAT is not running, except for a Random Access Preamble transmission. As in LTE, TAT is (re)configured according to the speed of the UE, which is also applicable to NR. 
Proposal 2: TAG is configured per beam of a serving cell and one TA command applies to beams associated with the TAG. 
The UE shall not perform any uplink transmission on any beam pair link associated with a beam-based TAG when the corresponding TAT is not running, except for performing random access procedure. 
In LTE, to avoid autonomous non-adaptive retransmission, when a TAT associated with the pTAG expires, the UE flushes all HARQ buffers for all serving cells; if the TAT associated with sTAG expires, the UE only flushes all HARQ buffers for all serving cells belonging to this TAG.
For beam operations in NR, non-adaptive retransmission can be also supported, e.g. TTI bundling and repetition. However, the conditions to flush the HARQ buffer needs to be modified with multi-beam. As long as there is remaining available serving beam pair link(s) of this serving cell that can be used for data transmission, HARQ buffer should not be flushed. Therefore, the condition can be revised as follows: if all beam-based TATs associated with PCell expire, the UE flushes all HARQ buffers for all serving cells; if all beam-based TATs associated with a SCell expire, the UE flushes all HARQ buffers for that SCell. 
Proposal 3: Only if all beam-based TATs associated with the PCell have expired, the UE flushes all HARQ buffers for all serving cells. 
Proposal 4: Only if all beam-based TATs associated with a SCell have expired, the UE flushes all HARQ buffers for the SCell. 
When UE has independent beam based TAs/TATs, it is possible that TA is or becomes invalid for a subset of beams. Then it would be beneficial to utilize UL beams with valid TA in order to obtain TA for UL beams that do not have timing synchronization. Hence, UE should not fall into using contention based RA when it has valid TA for at least one beam. Hence, UE should have the possibility to indicate the need for non-contention based TA establishment with valid UL beam for other UL beams. Indication can be sent e.g. on MAC CE, embedded to buffer status report (BSR) or alternatively scheduling request on valid UL beam may indicate the need for TA re-establishment for beams without valid TA.

Since using scheduling request is tied to allocating UL resources, utilizing other TA establishment message has some possible benefits for NR. E.g. in TDD UE can measure DL propagation delays and determine significant changes in timing, which can indicate the invalidity of UL TA and the need for TA re-establishment. Furthermore, indication of TA invalidity would allow TA establishment beforehand in order to decrease UL latency upon UL data arrival and allow UL grant-free with multiple beams.

Proposal 5: When UE has at least one beam with valid TA, contention based RA is not triggered for other beams.
Proposal 6: UE uses beam(s) with valid TA for indicating the need for non-contention based TA establishment for other UL beams.

3 Conclusion

In this paper, we discuss TA maintenance related issue in NR serving cell with beam operation. We have the following observation and proposals:
Observation 1: TA value cannot be fixed in above 6 GHz.

Proposal 1: Per beam/TRP TA maintenance should be supported in NR.
Proposal 2: TAG is configured per beam of a serving cell and one TA command applies to beams associated with the TAG. 

Proposal 3: Only if all beam-based TATs associated with the PCell have expired, the UE flushes all HARQ buffers for all serving cells. 
Proposal 4: Only if all beam-based TATs associated with a SCell have expired, the UE flushes all HARQ buffers for the SCell. 
Proposal 5: When UE has at least one beam with valid TA, contention based RA is not triggered for other beams.
Proposal 6: UE uses beam(s) with valid TA for indicating the need for non-contention based TA establishment for other UL beams.
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