3GPP TSG RAN WG1 Meeting #49bis                                      


     R1-072822
Orlando, USA, 25 – 29 June, 2007. 




   

Agenda item:

5.8
Source: 

NEC Group

Title:      

Discussion on Uplink Synchronization Maintenance
Document for:
Discussion / Decision

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 the RAN1#49 meeting, more detail on uplink synchronization maintenance was discussed. However, no agreement has been reached yet. UL synchronization maintenance by eNodeB seems almost consensus. In addition, UL synchronization maintenance with TA requests triggered by UEs [2] and UL synchronization maintenance corrected by UEs [3] were also proposed.
The current candidates for UL synchronization maintenance methods are summarized as followings,

(A) Periodical update maintained by eNodeB
(B) Per-need basis update maintained by eNodeB
(C) Periodical update maintained by UEs
(D) Per-need basis update maintained by eNodeB
In this contribution, we describe requirements for UL synchronization maintenance, discuss pros and cons of these methods and show our view on UL synchronization maintenance scheme. And we also show our view on DL channel for conveying TAs.
2 Requirement for UL synchronization maintenance
The requirements for UL synchronization maintenance are as followings,
· Timing estimation resolution of 0.52us
0.52us of granularity of TA signalling is working assumption in RAN1. Therefore, the resolution of 0.52us is basically required. 1.92MHz BW of RS is required to achieve this resolution in timing estimation. However, it is possible to use narrower BW of RS such as 1.25MHz with a little bit compromise on resolution.
· Update period of 0.5 sec at most
Update period of 0.5sec is necessary at shortest as 2Hz of TA update rate at most is working assumption RAN1 with considering 500km/h speed UE. This 0.5 sec periodical update can not adapt to the sudden change of UL timing such as corner effect. However, the influence of corner effect on the performance should be carefully evaluated to introduce additional scheme to compensate it as unnecessary increase of overhead and complexity must be avoided.

3 Discussion on UL synchronization maintenance methods
In this section, we show the detail and pros / cons of each UL synchronization maintenance method (A)~(D) shown in section 1.
(A) Periodical update maintained by eNodeB

eNodeB estimates UL timing with periodical UL RS transmission of UEs and conveys TAs to UEs in DL transmission. And UEs compensate their UL transmission timing with TAs.
· pros.

- eNodeB can manage the synchronization status of UEs.

- high accuracy of UL timing estimation.

· cons.

- Not adapt to the sudden change of timing.
(B) Per-need basis update maintained by eNodeB

(a) with UL transmission based on polling by eNodeB

eNodeB requests UEs to transmit UL signal for every UL timing estimation. UEs transmit UL signal, e.g. sounding RS, by eNodeB request. eNodeB estimates UL timing with UL transmission of UEs and conveys TAs to UEs in DL transmission. And UEs compensate their UL transmission timing with TAs.
· pros

- eNodeB can manage the synchronization status of UEs.

- high accuracy of UL timing estimation.

- adapt to the sudden change of timing.
· cons

- increase DL signalling overhead  since eNodeB requests UEs to transmit UL signal.
(b) with particular UL transmission as proposed in [2]
UEs estimate DL received timing with DL transmission of eNodeB, e.g. SCH. If UEs detect the time drift, UEs transmit particular signals in UL, e.g. scheduling request [2]. eNodeB estimates UL timing with particular UL transmission of UEs and conveys TAs to UEs in DL transmission. And UEs compensate their UL transmission timing with TAs.
· pros

- eNodeB can manage the synchronization status of UEs.

- high accuracy of UL timing estimation.

- adapt to the sudden change of timing.
· cons

- consume UL resource since this is a particular channel.

(c) with UL transmission, e.g. UL DM-RS

eNodeB estimates UL timing with UL transmission of UEs, e.g. UL DM-RS, and conveys TAs to UEs in DL transmission. And UEs compensate their UL transmission timing with TAs.

· pros

- eNodeB can manage the synchronization status of UEs.

- adapt to the sudden change of timing.
· cons

- low resolution  in the case when BW of DM-RS is narrow.

(C) Periodical update maintained by UEs

UEs estimate DL received timing with DL transmission of eNodeB, e.g. SCH, and UEs compensate their UL transmission timing with the detected time drift by themselves.
· pros

- No waste of UL resources.

· cons

- Timing estimation is affected by the clock drift.

- eNodeB can’t manage the synchronization status of UEs.

(D) Per-need basis update maintained by UEs

(d) with DL transmission, e.g. DL RS
UEs estimate DL timing with DL transmission of eNodeB, e.g. DL RS, and UEs compensate their UL transmission timing with the detected time drift by themselves.
· pros

- No waste of UL resources.
· cons

- Timing estimation is affected by the clock drift.

- eNodeB can’t manage the synchronization status of UEs.

(e) Built-in GPS receiver as proposed in [3]
UE with a built-in GPS receiver uses the stable timing reference by the GPS and monitors absolute timing changes in DL. UE uses these changes to adjust UL timing.
· pros

- No waste of UL resources.
- using high accuracy reference.

· cons

- Timing estimation is affected by the clock drift.

- eNodeB can’t manage the synchronization status of UEs.

(f) with observed time difference between different cells as proposed in [3]
UE estimates and stores the received timing of at least 3 different base stations at first. When UE need to transmit UL data, UE estimates the received timing of 3 base stations. And UE compensates its UL transmission timing by the change between two received timing.
· pros

- No waste of UL resources
· cons

- eNodeB can’t manage the synchronization status of UEs.

- large load of UEs
In the case of both (C) and (D), UEs will estimate the received timing with either of the following channels in DL,
· SCH

· BW is 1.08MHz

· The interval of transmission is 5ms.

· DL RS
· BW is the same with DL BW.

· The interval of transmission is 1ms (in every subframe).

From the above, SCH and DL-RS satisfy the requirement of timing estimation, both resolution and the interval of transmission. However, there are the disadvantages of correction UL transmission timing by UEs as followings,
· It will increase the occurrence of timing synchronization errors because of frequency estimation error [4].
· UE can’t derive the appropriate UL correction since UE can’t know the source of the time drift, e.g. due to UE moving closer to / away from eNodeB or clock drift [2].

· eNodeB can’t manage the synchronization status of UEs, and it wastes DL resources when eNodeB transmit UEs in DL since eNodeB has to request UEs to transmit UL RS for UL timing estimation.
· In the case of (D)-(e) and (f), the load of UEs increase.
Therefore, eNodeB should maintain UL synchronization with the method (A) and / or (B).

4 Detail discussion on maintenance by eNodeB
eNodeB should maintain UL synchronization with periodical UL RS transmission (the method (A)) since it can achieve high accuracy of UL timing estimation with simple procedure. Furthermore, the periodicity of each UE’s UL RS transmission should be UE-specific related with UE speed to reduce UL overhead. The periodical update can not adapt to the sudden change of UL timing such as corner effect. However, the influence of corner effect on the performance should be carefully evaluated to introduce additional scheme to compensate it as unnecessary increase of overhead and complexity must be avoided. If the influence of corner effect on the performance is significant, some additional methods may be required. The candidates of additional methods are as followings,
(B)-(a) with UL transmission based on polling by eNodeB
(B)-(b) with particular UL transmission like [2]

(B)-(c) with UL transmission, e.g. UL DM-RS and / or RS for L1/L2 control signal
While (B)-(a) or (B)-(b) require additional overhead or complexity, (B)-(c) does not.
From the above, our view on UL synchronization maintenance is,

· eNodeB maintains UL timing periodically,
· requests UEs to transmit UL RS.

· with the UE-specific periodicity related with the UE speed (at most 2Hz agreed in RAN1).

· conveys TAs to UEs.

If the influence of corner effect on the performance is significant, the following may be applied in addition.
· eNodeB maintains UL timing,

· with UL transmission, e.g. DM-RS, RS in L1/L2 control signal.

Application of further additional methods should be discussed carefully with considering trade-off between their gain and additional complexity.
5 DL channel for conveying TAs
In 5MHz cell, about 300 UEs [5] [6] need their UL timing update in time span of 500ms. The number of UEs updated their UL timing per 1TTI is 0.6UEs in the worst case assuming 500km/h speed UE. Considering UEs of corner effect, the number of UEs updated their UL timing may be more than 0.6UEs / TTI. Here, assuming that 30UEs (10% of 300UEs) are affected by the corner effect every 200ms [7], the number of UEs updated their UL timing per 1TTI is 0.15UEs. Then, the total number of UEs updated their UL timing per 1TTI is 0.75UEs. Therefore, the number of UEs updated their UL timing per 1TTI is small even if the influence of corner effect is taken into consideration.
There are some candidates of DL channel for conveying TAs as followings,
· PDCCH (UL scheduling grant)
It may be possible to convey TAs to UEs since the number of UEs updated their UL timing per 1TTI is small. However, if the special format of PDCCH for TAs is defined, the complexity of UE detection increases.
· PDSCH
· MAC signalling
Though this requires both PDSCH and PDCCH, this can achieve simple DL transmission.
· multiplexing TAs and UE-IDs in PDSCH with the common UE-ID for TAs
The merit of this may be small since the number of UEs updated their UL timing per 1TTI is small.

If the number of UEs updated their UL timing per 1TTI increase, e.g. by corner effect, this may be useful.
Therefore, our preference is that eNodeB conveys TAs by MAC signalling.
6 Conclusions
In this contribution, we discuss pros. and cons. of UL synchronization maintenance methods and showed our view on them. Our view on UL synchronization maintenance is,

· eNodeB maintains UL timing periodically,

· requests UEs to transmit UL RS.

· with the UE-specific periodicity related with the UE speed (at most 2Hz agreed in RAN1).

· conveys TAs to UEs.

If the influence of corner effect on the performance is significant, the following may be applied in addition.
· eNodeB maintains UL timing,

· with UL transmission, e.g. DM-RS, RS in L1/L2 control signal.

And our preference of DL channel for conveying TAs is MAC signalling.
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