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1
Introduction

In this contribution we discuss some aspects of UL timing advance for Rel-11 HetNet CoMP.    
2
Discussion

We will focus on the two heterogeneous CoMP scenarios: 

· RRH CoMP Scenario 3:   RRH with different cell ID:

· Cell splitting gain can be easily achieved by scheduling different users to different RRH

· RRH CoMP Scenario 4:  RRH with the same cell ID, the Macro and RRH form a virtual large cell with centralized scheduling

· SFN gain can be achieved but not cell splitting gain for control

In the case of Scenario 3, cell range expansion can be achieved by either
· PSS/SSS/CRS/PBCH interference cancellation
· Decoupled data and control

Scenario 3 with decoupled control is shown in Figure 1. 
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Figure 1   UE in the range expansion area in Scenario 3

A UE at a similar location is shown in Figure 2 for Scenario 4. 
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Figure 2   UE in the range expansion area in Scenario 4

A common feature of the scenarios shown in Figures 1 and 2 is that the UE derives the DL timing from a transmission point other than the dominant UL reception point. This has some implications on the UL time adjustment as will be discussed next.  

Note that the same issue doesn’t exist when the UE is capable of interference cancellation and can connect directly to the UL reception point in Scenario 3. 

2.1
UE UL timing advance
As mentioned before, the UE will derive its DL timing reference from the ‘wrong cell’, i.e. from a transmission point other than the dominant UL reception point in the cases depicted in Figures 1 and 2. 
We don’t believe that this discrepancy represents any source of performance degradation that needs remedy as will be discussed next. 
The ultimate goal of timing adjustments is that the received signal from multiple UEs at the reception point is aligned with each other and aligned with the target receiver’s FFT window.  
Assume the nominal case when the UE derives its DL timing reference from the transmission point that is also the dominant UL reception point. 

In the absence of eNB time advance commands, the UE follows the DL reference time, which has the following two consequences:
1. The UE compensates for its internal timing drift that is the result of UE clock frequency offsets.  Those clock frequency offsets are always present because the UE frequency tracking adjustments are quantized.

2. The UE follows changes in the DL channel’s propagation delay. 

We note that item 1. is a desirable effect. Also, since the timing of the DL transmission is tightly synchronized across all transmission points within the CoMP coordination area, the benefits of 1. are achieved irrespective of which transmission point the UE uses as time reference. 
At the same time, item 2. is an undesirable effect. The UE actually applies the timing adjustment in the wrong direction. For example, if the DL propagation delay increases, the UE will delay its UL transmission by the same amount. The right adjustment would be the exact opposite, i.e. advancing the UL transmission by the same amount, in order to maintain the same receive time at the eNB antenna. 
Since the adjustments due to DL propagation delay changes are anyhow in the wrong direction, there is no apparent benefit of maintaining commonality of the DL timing source and the UL reception point, as long as the potential serving points are well synchronized with each other. 

Therefore there is no need to try to find a new DL timing reference source within the coordination area for the UE to use. 

Proposal 1: 

There is no need to enable deriving DL timing reference specifically corresponding to the UL reception point location.  It suffices to derive DL timing reference from any arbitrary point within the CoMP coordination set.  Therefore there is no need to change the Rel-10 UE behavior regarding UL timing. 
This is motivated by the observation that UL time offsetting following changes in DL propagation delay anyhow doesn’t represent the right time adjustment even when the DL timing is referenced to the Tx point that also serves as UL reception point.  The eNB needs to make the correct time adjust compensation as in Rel-10. 
2.1.1
Indirect UL time adjustment
In order to achieve the correct UL timing in the cases discussed so far, it is necessary that, at least for certain UEs, a different point derives the time adjustment and a different point transmits the actual timing advance command to the UE. This requires that the timing advance information is forwarded from one point to another via the backhaul. This mechanism is illustrated in Figure 3 below. 
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Figure 3   Indirect timing adjustment mechanism for a UE in the range expansion area in CoMP Scenario 3

Note that in a practical implementation, the actual signal reception point and the point where the scheduling and control logic resides may be different, so what is represented in Figure 3 is in a sense information flow, not necessarily actual backhaul messaging.  
2.1.2
PRACH timing

Similar to the scenarios discussed thus far, it is possible that the UE attempting initial access derives DL timing reference from a point that is not the same as the point receiving the PRACH transmission. Perhaps this issue requires more study but there doesn’t seem to be an immediate need for any change in the UE procedures. 

The typical new CoMP scenario is that the UE synchronizes DL time to a higher power node that may be at a larger distance from the UE than the closest potential UL reception point, which may be a low power RRH. In lack of any special RRH system time offsetting, such as described in Section 2.2, this results in a positive extra delay in the PRACH signal reception, which is a normal event and the PRACH signal structure is designed to handle this. 

Due to the increased apparent PRACH delay, it is a good practice to configure the low power RRH to use PRACH parameters that can handle propagation delays sized not only for the low power RRH coverage area but also the macro coverage area.  This happens automatically in Scenario 4 where the whole coordination area uses identical access parameter configuration. 
Note that with the RRH system time offsetting described in Section 2.2, the need for budgeting for extra PRACH delays is reduced. 

2.2
RRH system time

It is in general desirable if all receive signals from all UEs are aligned at all reception points in a Heterogeneous CoMP cooperating set.  Obviously this is not an achievable goal even with optimum timing adjustment due to geometrical constraints. 

However, the geometrical constraints can be mitigated by purposeful offsetting of the RRH system time. 

· The low power RRH receive FFT window timing should be such that it is aligned with dominant macro UE interferers’ UL signals.  Therefore the low power RRH receive time should be advanced relative to the macro receive time.  The applied time advance is a function of the macro-RRH distance. 

· Conversely, the low power RRH transmit timing should be such that it is aligned with dominant macro DL  interference as seen by range expansion UEs.  Therefore the low power RRH transmit time should be delayed relative to the macro transmit time.  The applied time delay is a function of the macro-RRH distance. 

Then the time advance commands issued by the low power RRH should ensure that the UL signal of the UEs served by the low power RRH is received within the receive FFT window. 
The illustration of the timing arrangement described above is shown in Figure 4. 
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Figure 4   System time offsetting in HetNet CoMP scenarios

Note that in general, setting both the DL time and UL time of UEs that are close to each other approximately the same should be the goal, irrespective of the UEs serving point.  

These measures ensure that orthogonality between FDM’d signals can be maintained even when there are large PSD imbalances across subbands. 

The system time setting shown in Figure 4 is a good practice; however, it does not have any obvious impact on the air-interface as it can be accomplished in a UE transparent manner.  
3
Conclusions

We discussed some considerations for the CoMP UL timing advance and made the following suggestion:
Proposal 1: 

There is no need to enable deriving DL timing reference specifically corresponding to the UL reception point location.  It suffices to derive DL timing reference from any arbitrary point within the CoMP coordination set.  Therefore there is no need to change the Rel-10 UE behaviour regarding UL timing. 
This is motivated by the observation that UL time offsetting following changes in DL propagation delay does not represent the right time adjustment even when the DL timing is referenced to the Tx point that also serves as UL reception point.  The eNB needs to make the correct time adjust compensation as in Rel-10. 
The CoMP coordination should include capability of indirect timing advance adjustment wherein one point transmits timing advance commands to a UE whose UL transmission is received by a different point. 
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