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Discussion and decision 
1 Introduction 
In this contribution, we discuss timing issues for CoMP. In particular, we discuss the DL timing for DL CoMP reception and its impact on the UL tx timing for single-point and multi-point reception by the network.
2 DL timing for CoMP
When DL CoMP transmission is configured for a UE, due to the unequal distances from the UE to the TPs, the downlink timing arrival from different TP can be different. This is illustrated in Figure 1for UE3 for Scenario 3/4, where UE 3 observes different path delay profiles for different TP as illustrated in Figure 2.
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Figure 1: DL CoMP transmission for UE3
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Figure 2: Path delay profiles observed by UE3 in Figure 1
For Scenario 3, if UE 3 is a macro UE (RRC connected to the macro eNB), the UE DL timing may be synchronized with the macro cell using PSS/SSS/CRS etc. As shown in Figure 2, the UE will miss the first two paths that may contain significant energy. We assume that the channel delay spread is a fraction of the CP length.
For Scenario 4, the problem illustrated in Figure 2 can also occur e.g. if the UE also uses the CSI-RS of the macro TP to assist with DL timing synchronization (note that different TP may transmit different CSI-RS for Scenario 4).

As a result, the downlink timing determined by the UE for DL CoMP transmission will be suboptimal which degrades the performance of CoMP (e.g. JT, DPS). 

DL CoMP performance can be improved e.g. if the UE changes its DL timing to the cell/TP with the earliest detected path of significant energy when DL CoMP is configured as shown in Figure 3. As the DL CoMP transmission may be transparent to the UE and since DL timing synchronisation is UE implementation specific, the UE may not be aware of the need to adjust its DL timing for CoMP, e.g. for Scenario 3, the UE may still be synchronised to the suboptimal cell that it is connected to. The DL timing may need to be defined in the spec for DL CoMP purpose.
Proposal 1: Depending on UE implementation, the DL timing used by the UE may be suboptimal for DL CoMP reception. The DL timing may need to be defined in the spec for DL CoMP reception.
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Figure 3: DL timing change when DL CoMP is configured 
3 UL timing for CoMP
In Rel-8/9/10, the DL timing is used as the reference for the UL transmission timing for the UE. The DL timing is defined in [3] as: “the time when [the first detected path (in time)] of the corresponding downlink frame is received from the reference cell”. In addition, the UE can perform autonomous UL timing adjustment if the transmission timing error and the DL reference timing exceeds 12*TS for BW ≥ 3 (24*TS for BW = 1.4) [3]. 
We examine the relationship of DL timing and UL timing for DL CoMP and UL CoMP. We consider four possible cases:
Case 1: Single-point transmission & single-point reception at network (see Figure 4)

· UE Rx timing follows Macro eNB signals (t2) 

· UE Tx timing is -t2

· UE Rx-Tx difference = 2*t2

Case 2: Multi point transmission (DL CoMP) and single point reception at network (see Figure 5)

· UE Rx timing follows the earliest Macro eNB and RRH signals, min {t1, t2}
· UE Tx timing is -t2
· UE Rx-Tx difference = min {t1, t2} + t2
Case 3: Multi point transmission (DL CoMP) and multi-point reception at network (see Figure 6)
· UE Rx timing follows the earliest Macro eNB and RRH signals, min {t1, t2}
· UE Tx timing is -min {t1, t2}

· UE Rx-Tx difference = 2* min{t1, t2} 
Case 4: Single point transmission and multi-point reception at network (see Figure 7)

· UE Rx timing follows Macro eNB signals (t2) 

· UE Tx timing is -min {t1, t2}
· UE Rx-Tx difference = t2 + min {t1, t2}
Note that DL CoMP schemes considered here includes DPS and JT. Similar to the DL, we assume the uplink channel delay spread for multi-point reception is also a fraction of the CP length. Note that we have assumed the UL tx timing can be different for single point and multi-point reception. In case dynamic switching between single point (RP-specific) and multi-point reception (e.g. RP-common) is possible, one option is that the UE tx timing is mainly in sync with the closest RP, i.e. UE tx timing is -min{t1,t2}, regardless of single-point or multi-point reception. As long as the difference between t1 and t2 is only a fraction of the CP length, the performance impact is small. In this way, a single TA mechanism can still be maintained.  Another option is to make the UE switches between two Tx timings, one for single-point reception and another for multi-point reception. In this case, multiple TAs need to be maintained by the UE. In our view, the first option should be sufficient.
Proposal 2: When multi-point reception is configured (incl. the case of dynamic switching between single point (RP-specific) and multi-point reception (e.g. RP-common)), the UE tx timing can be in sync with the closest RP, i.e. UE tx timing is -min {t1, t2}.
As discussed in the previous section, since the configuration of DL CoMP can change the DL reference timing for the UE, the UE may also adjust the UL tx timing if the transmission timing error and the DL reference timing exceeds the specified threshold (12*TS or ~ 7.8% of CP length for BW ≥ 3). This can result in unnecessary autonomous UL tx timing readjustment by the UE. However, it is expected that the DL reference timing change will be slow; hence there may not be frequent UE autonomous timing adjustment. The network can correct the UE timing by sending TA commands.
Proposal 3: Change in DL reference timing for CoMP may trigger autonomous UE tx timing adjustment. However, it is expected that the DL reference timing change will be slow; hence there may not be frequent UE autonomous timing adjustment. The network can correct the UE timing by sending TA commands.
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Figure 4: Single-point transmission & single-point reception at network
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Figure 5: Multi-point transmission (DL CoMP) and single-point reception at network 
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Figure 6: Multi-point transmission (DL CoMP) and multi-point reception at network

[image: image7.png]Macro eNB (solid red)

RRH1 (dashed blue)

DLTX
a ¢
| A
DLRX i !
q RN t
i : Interference from RRH1
ULTX
. t
| DLRx timing
ULRX ®\
t2-t1 } t
: i Multipointreception
TA for multipoint d i atnetwork

reception UL Rx timiﬁ:lg at RRH




Figure 7: Single-point transmission and multi-point reception at network
4 Conclusions
Our proposals are as follows:
Proposal 1: Depending on UE implementation, the DL timing used by the UE may be suboptimal for DL CoMP reception. The DL timing may need to be defined in the spec for DL CoMP reception.
Proposal 2: When multi-point reception is configured (incl. the case of dynamic switching between single point (RP-specific) and multi-point reception (e.g. RP-common)), the UE tx timing can be in sync with the closest RP, i.e. UE tx timing is -min {t1, t2}.
Proposal 3: Change in DL reference timing for CoMP may trigger autonomous UE tx timing adjustment. However, it is expected that the DL reference timing change will be slow; hence there may not be frequent UE autonomous timing adjustment. The network can correct the UE timing by sending TA commands.
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