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1 Introduction
The current status of Timing Advance (TA) discussion for UEs having previously established time alignment in RAN1 meeting is following [1]:
· TA update rate: on a per-need basis, at most 2 Hz
· Granularity of TA signalling: 0.52us

· 1 step correction
· TA step size: X bits, relative to current UL timing
· What to base the TA command on:

· When the UE has data to transmit, implementation issue in NodeB (e.g. based on sounding RS, CQI)

· If the UE has no data to transmit, FFS whether e.g. periodic signals such as sounding RS may be ordered

· RACH?
· How to transmit TA in the DL: TBD whether L1L2, in-band (MAC or RRC)

In this contribution, we focus the issues of UL synchronization maintenance, which are UL channel for timing estimation at NodeB, TA step size X, and DL channel for conveying TAs, and clarify our view on them.
2 UL channel for timing estimation
In 5MHz cell, about 300 UEs [2] [3] need UL timing update in time span of 500ms. The number of UEs transmitting UL signals for timing estimations per 10ms is 6UEs.
However, considering the sudden changes of UL timings due to corner effect propagation condition, in such condition a path may vanish and reappear in shorter time span than 500ms [4], transmissions of UL signals are necessary for timing estimation in shorter time span than 500ms. Then the number of UEs transmitting UL signals for timing estimations per 10ms will be larger than 6UEs. 
The Table 1 shows comparison of each candidate for UL channel with the same transmitted interval in 20MHz system BW. In Table 1, we assume that preamble based scheduling request has four preambles [5] and Non-synchronized RACH includes dedicated or random preambles on Non-synchronized RACH [6]. And the number of UEs detected UL Timing at a time of Non-synchronized RACH refers to [7].
From the table 1, sounding RS can satisfy the requirement UL signals for timing estimation (the number of UEs detected UL timing at a time and the wide BW which satisfies the resolution of UL timing estimation) and has low overhead. When UEs are receiving only DL data without transmitting sounding RS, NodeB requests UEs to transmit sounding RS.
3 TA step size (X)
Three types of TA step size X are considered as follows:
1. A small bit TA, e.g. 1bit TA

2. 5bits TA
3. Hybrid type TA (1bit TA for normal and 5bits TA for large timing drift) [8]
Table 1: Comparison of each candidate for UL channel
	UL channel
	sounding RS
	preamble based scheduling request [5]
	Non-synchronized RACH

	BW [MHz]
	1.25
	2.5
	5.0
	10.0
	20.0
	1.44 (pilot)
	1.08

	Transmitted interval [ms]
	10
	10
	10

	Overhead [%]
	0.7
	3.2
	2.4

	The number of UEs detected UL Timing at a time
	96
	48
	24
	12
	6
	8
	3 ~ 4 [7]


The first one doesn’t waste TA bits for UEs moving by constant speed and has a small effect of the timing estimation error. However, in case of large timing drift, e.g. corner effect propagation condition, a small bit TA has a large overhead because a small bit TA has to be transmitted with UE-ID repeatedly. The second one, 5bits TA is calculated from both CP length (5.21us) and the granularity (0.52us). This can correct timing drift by one step even in case of large timing drift. However, 5bits TA wastes some TA bits for UEs moving by constant speed and has a large effect of the timing estimation error because of its wide range for correction UL timing. The last one, hybrid type TA can correct timing drift by one step in case of large timing drift like 5bits TA and doesn’t waste TA bits for UEs moving by constant speed like a small bit TA. However, this also has a large effect of the timing estimation error like 5bits TA. In addition hybrid type TA needs the indicator of the number of transmitted TA bits.
We consider that 5bits TA is needed for large timing drift. However, the hybrid type TA transmitted in both PDCCH and PDSCH has no advantages because in PDCCH, the size of UL scheduling grant is fixed and in PDSCH, the difference of TA bits (1bit and 5bits) is small compared with UE-ID transmitted together. In case of transmission TAs in PDSCH, we assume that NodeB transmits TAs of 6UEs per 1TTI in 20MHz BW and both the case when one UE with a large timing drift exists and the case when any UEs with a large timing drift don’t exist. In case of both of them, 5bits TA needs 1.8RB and the hybrid type TA needs 1.5RB (assuming 126subcarriers for data symbols per 1TTI, QPSK modulation, and R=1/3). Therefore the effect of the hybrid type TA is small.
From the above, we prefer that TA step size X is 5bits TA.
4 DL channel for conveying TAs
Two candidates are considered for DL channel for conveying TAs. One is L1/L2 control channel and the other is in-band channel. UEs in RRC_CONNECTED state receive this channel every TTI and it may be able to construct a simple structure of UL grant on L1/L2 control channel like [9]. However, considering many UEs’ UL timing updates, we have to confirm its capacity.
The Table 2 shows allowed symbols for DL control channel like [10]. Note that QPSK modulation, code rate 1/4, and an equal number of UL and DL transmissions are assumed. The number of UL and DL transmissions is calculated by size of the coded DL and UL scheduling command and remained symbols. Remained symbols are calculated by subtracting SCH, BCH, and Ack/Nack from control symbols.
In the case that 300UEs are updated in time span of 500ms, the averaged number of updated UEs in 1 TTI is 0.6UE. From Table 2, TAs in L1/L2 control channel occupy a part of the capacity of L1/L2 control channel (1/7 ~ 1/4). However, considering the increase of transmitting TAs in shorter time span than 500ms to update UL timing of UEs with sudden change caused by the corner effect propagation condition, TAs in L1/L2 control channel occupy much of the capacity of L1/L2 control channel. In that case, it is hard to transmit TAs in L1/L2 control channel.

On the other hand, in-band channel has enough capacity of RBs (resource block) to transmit TAs. Considering PDSCH for conveying TAs, if there is no UE-ID in PDSCH with TA, it can transmit TA for only one UE and has a large overhead because it needs many RBs to transmit TAs of many UEs. However, defining the common UE-ID for TAs in PDCCH and multiplexing TAs with UE-IDs in a few RBs like Figure 1 can reduce DL overhead for conveying TAs.
Therefore, we prefer that DL channel for conveying TAs is in-band channel.

But transmissions of Ack/Nack and application of HARQ for TAs are FFS.
Table2: Allowed symbols for DL control channel
	BW [MHz]
	1.25
	2.5
	5.0
	10.0
	20.0

	The number of UL and DL transmissions
	0.79 ~ 0.91
	1.73 ~ 2.01
	3.18 ~ 3.94
	4.82 ~ 7.80
	9.82 ~ 15.17
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Figure1: Transmission TAs in PDSCH

5 Conclusions
In this contribution, we showed our view on some issues of uplink synchronization maintenance. Our preferences are following.
· For UEs having no data to transmit in UL, NodeB requests to UEs to transmit sounding reference signal. How to schedule UEs to transmit sounding RS is an implementation issue.
· TA step size X for timing maintenance is 5bits TA.
· TAs are conveyed in in-band channel, multiplexing TAs with UE-IDs in PDSCH and the common UE-ID for TAs in PDCCH.
Transmissions of Ack/Nack and application of HARQ for TAs are FFS.
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