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1
Introduction

RAN1 discussions on UL Timing control started in the last meeting in Sorrento. The current status of Timing Advance (TA) discussions was captured in [1] as (replicated here for easy reference): 

When UE has previously established time alignment: 

· 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)

When no TA is established or UE is out of sync

· TA update rate: on a per-need basis

· Granularity of TA signalling: 0.52us

· 1 step correction

· TA step size: Y bits, relative to RACH preamble TX timing (Y may be larger than X and depend on the cell size)

· What to base the TA command on: 

· RACH

· Initial TA will have to cover the full range
· How to transmit TA in the DL: Confirm whether this is part of RACH procedure [in-band (MAC)] 

One of the only contentious points discussed in RAN1#47bis was whether or not for UEs that have previously established time alignment, the TA information is sent over L1/L2 or in-band (MAC or RRC). 

This contribution focuses on this topic and proposes the signaling procedure in support of TA adjustments. 
2
Signaling of TA information for synchronized UEs

Given that a large number of UEs are expected to need updates on TA information we envision a possible limitation of schemes relying just on:

· L1/L2 control information (PDCCH)

· Single or small number of TA corrections per PDCCH instance

· High overhead of one PDCCH instance

· Single user PDSCH based TA correction
· Requires associated PDCCH for each transmission

· High overhead of both PDCCH and PDSCH

· In-band transmission of TA when user is scheduled for DL data transmission reduces overhead associated with the UL timing control mechanism

Therefore, we suggest the following alternatives to reduce DL overhead associated with UL timing control:
· Multi-user PDSCH based TA correction

· Requires a single PDCCH for scheduling of the multi-user TA correction

· Multiple users grouped into a common ID

· PDSCH payload carrying the TA correction for each user in the group of users

· Bitmap from the group ID to the TA location within the PDSCH payload
· TA corrections may be sent on a “per need” basis

· Multi-user dedicated channel for UL Timing control

· Population of users grouped in accordance to their respective DRX cycle into multiple groups

· Fixed allocation of resources – but not requiring associated PDCCH

· Dedicated channel payload carrying the TA correction for each user in that group

· Bitmap from the group ID to the TA location within the PDSCH payload
· TA corrections will effectively be transmitted periodically for the group of users

Note that the two above suggestions could be in addition to the unicast DL transmission with the in-band timing correction. 

2.1 Capacity of single RB

The minimum DL data allocation is two RBs consisting of 12 subcarriers in 1ms. Therefore, for the short CP we have:
· ~126 (QPSK) modulation symbols/TTI => 252 coded symbols => 68 info bits + 16 bits CRC (assuming R=1/3)

Assuming a TA granularity of 0.52us and a timing advance correction when UEs are synchronized to be within the CP, then for short CP (5.21us) we need 5 bits (4 bits for the magnitude and 1 bit for advance/retard). 
Therefore, this minimum DL allocation could carry TA corrections for 13 users with a given bitmap relationship for the TA location within the PDSCH or dedicated resource for each user.
As an example, to support UL timing corrections for 300 users, we would need 300/13 minimum DL allocations in a time span of 500ms. This would entail a DL overhead of the order of 0.2% (assuming 5MHz system bandwidth) of the DL data resources. Furthermore, just 23 PDCCHs would be needed to be transmitted every 500ms (assuming the TA correction was sent over the PDSCH channel as opposed to over a dedicated PHY channel). 
3
Other UL Timing control aspects
· Initial adjustment is sent on Message 2 of the RACH procedure (response to the RACH)

· 9-bit initial timing control to provide sufficient timing coverage [2]
· Update rate as needed with a maximum rate of 2Hz for each user
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