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1. Introduction

A deployment scenario for Rel. 11 coordinated multi-point (CoMP) transmission/reception was discussed at the RAN1 #63bis meeting, and the following four scenarios were agreed upon [1].

· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power remote radio heads (RRHs) 
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage
· Scenario 4: Network with low power RRHs within the macrocell coverage where 
the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
Various comments and questions were raised regarding scenario 4, i.e., how to characterize single cell ID CoMP. It was further discussed that for performance investigation of CoMP in a heterogeneous network, Rel. 10 eICIC techniques utilizing time domain partitioning would be a benchmark [2], [3]. 
This contribution investigates features of Rel. 11 CoMP with a single cell ID (scenario 4) in comparison to Rel. 11 CoMP with multiple cell ID and Rel. 10 eICIC. 
2. Rel. 10 eICIC with Pico
Rel. 10 eICIC is based on the almost blank subframe (ABS)/MBSFN and subframe shifting to overcome the severe interference from a macro layer as shown in Fig. 1 [4]. Semi-static coordination is applied between the macro layer and pico (femto) layer considering the backhaul latency and various capacity characteristics over the X2 interface. In Rel. 10 eICIC scenario, transmission mode (TM) 9, which utilizes a UE specific RS, can be used, but it is not mandatory. Rel. 10 eICIC can be characterized as follows.
Pros:

· Each macro cell or pico cell creates a distinct cell, providing a cell splitting gain through spatial reuse of control and data channels.
· Macro cell muting creates multiple isolated pico cells simultaneously, which enhances the user throughput, especially at the cell edge. 

Cons:

· Severe interference from the macro CRS incurred by the pico layer remains. The MBSFN subframe can remove the CRS in the data region. However, the MBSFN subframe cannot be configured on subframse #0, #4, #5, and #9. 
· In addition, the macro PHICH may collide with ABS/MBSFN (also pico PHICH collides with non-protected subframes). 
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Figure 1 – Example of Rel. 10 eICIC
3. Rel. 11 CoMP in Heterogeneous Network with Low Power RRHs within Macro-cell Coverage
Application of a RRH is effective in coordinating geographically separate cells with negligible coordination latency [5], and the eNode B can dynamically mute specific time/frequency resources to protect the UEs connected to the low transmission power RRHs in scenarios 3 and 4 as shown in Fig. 2.
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Figure 2 – CoMP in heterogeneous network with RRH

In these scenarios, two kinds of coordination can be considered as shown in Fig. 3.
(a) Coordination between macro layer and RRH layer (Figure 3 (a))

The macro eNode B can dynamically mute specific time/frequency resources to the UEs connected to the RRHs, and as such a CoMP performance gain could be obtained. This principle is similar to Rel. 10 eICIC, however, a larger gain is expected due to dynamic coordination between the macro layer and RRH layer. 
(b) Coordination among RRH layers (Figure 3 (b))

Further enhancement is envisioned by introducing more advanced CoMP. All CoMP schemes including JP-CoMP and CS/CB-CoMP could be applied between RRHs. 
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(a) Coordination between macro layer and RRH layer (b) Coordination among RRH layers
Figure 3 – Coordination area in heterogeneous network with RRH
3.1. Multiple cell ID CoMP in heterogeneous network with low power RRH (Scenario 3)
Figure 4 shows an example of a multiple cell ID CoMP in a heterogeneous network with low power RRH. Similar to Rel. 10 eICIC, a subframe shift with almost blank subframes/MBSFN for RRHs is necessary to ensure the reception of MIB/PSS/PSS/SIB-1 in RRH cells. If more advanced CoMP scheme is envisioned in the RRH cells, TM9 would be a more suitable transmission mode. In such a case, to reduce the reference signal overhead in TM9 operation, additionally configuring MBSFN subframes in the RRH cells would be preferable. However, one issue here is that due to subframe shifting, the MBSFN subframe timing is not synchronized between macro cells and RRH cells and thus RRH cells may not be able to transmit the PDSCH on the MBSFN subframe, which coincides with the ABS with MBSFN subframe in the macro cell. Then, the PDSCH in the RRH cell will suffer interference from the macro CRS in the PDSCH region. As shown in Fig. 4, macro subframe #6 corresponds to RRH subframe #4, which cannot be configured as the MBSFN subframe.
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Figure 4 – Example of CoMP operation with different cell ID
in heterogeneous network (Scenario 3)
3.2. Single cell ID CoMP in heterogeneous network with low power RRH (Scenario 4)
3.2.1
Basic principle
For the single cell ID CoMP in heterogeneous networks with low power RRH, the following relevant channels and signal transmission schemes are considered as shown in Fig. 5.

· CRS

- Cell specific, soft combined from all points

· PDCCH (PHICH/PCIFICH)
- Cell specific, soft combined from all points
· CSI-RS

- Transmission point specific, of which parameter is configured in UE-specific manner
· DM-RS

- UE-specific
· X-PDCCH (if defined)

- UE-specific
· SRS or other uplink channel (PUSCH/PUCCH)

- UE specific, measured at each RRH for point association of each UE (equivalent to cell　selection/handover in different cell ID cases)

· Common/shared channel (e.g., RACH)
-  Cell specific, shared by all UEs (Rel. 8/9/10/11)
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Figure 5 – Relevant channel/signal transmission in single cell ID CoMP in heterogeneous networks
It is straightforward to assume that in the single cell ID CoMP operation CRS and PDCCH are soft combined from all transmission points as shown in Fig. 6 (a). The receive SINR gain at the UE can then be achieved. However, this would incur a control channel capacity problem especially for legacy (Rel. 8/9/10) UEs relying on the PDCCH. To address this problem, a UE-specific control channel with a DM-RS such as the R-PDCCH is needed (e.g., X-PDCCH) in Rel. 11, which is transmitted only from associated point(s) for each UE. In different cell ID CoMP operation, the CRS and PDCCH are spatially reused in each cell as shown in Fig. 6 (b), by frequency shifting of the CRS, and cell-specific scrambling for the PDCCH, which provides a cell splitting gain.
The DM-RS for PDSCH is an essential component for single cell ID CoMP operation to achieve spatial reuse of the PDSCH, where the PDSCH is transmitted only from the associated transmission point (s) for each UE. 
Separate CSI-RS patterns per transmission point can be transmitted in the single cell ID CoMP operation by introducing a UE specific CSI-RS configuration [6], so that in both the single and different cell ID CoMP operations a transmission point specific CSI-RS can be transmitted.

Another important aspect for single cell ID CoMP operation is how to associate each UE to its relevant transmission point. One straight forward way is to use uplink measurement, which enables uplink-optimum point association, where downlink transmission is based on interference coordination. For Rel. 11 UE, further optimization of point association may be possible by configuring multiple point CSI-RS measurement [6]. In any case, the feasibility of point association using the uplink signal should be evaluated and relevant measurement should be defined if necessary.
Furthermore, capacity of common (shared) channels for Rel-8/9/10/11 UEs such as RACH in the single cell ID CoMP operation should also be evaluated. 
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(a) Single cell ID CoMP operation                              (b) Different cell ID CoMP operation

Figure 6 – CRS and PDCCH transmission schemes in heterogeneous networks
3.2.2
Legacy UE support using single cell ID CoMP

We summarize how to support legacy UE in addition to Rel. 11 UE in single cell ID CoMP operation as follows.

· Rel. 11 UE
· UE can be associated with the nearest (or best) RRH/macro point(s) either by multiple CSI-RS measurement or the uplink channel as shown in Fig. 7 (a). 
· The downlink shared data channel (PDSCH) can then be transmitted only from the associated point(s) with a DM-RS, which will provide gains from spatial reuse and CoMP. 
· If a UE-specific control channel with a DM-RS such as the R-PDCCH is defined (e.g., X-PDCCH) in Rel. 11, a control channel can also be transmitted only from associated point(s). Thus, control capacity is ensured through spatial reuse.
· Rel. 10 UE
· UE may be associated with the nearest (best) RRH/macro point(s) using the uplink channel (e.g., SRS, PUSCH, PUCCH) as shown in Fig. 7 (b). 
· PDSCH can be transmitted only from the associated point(s) with DM-RS, which provides a gain from spatial reuse.
· A control channel (PDCCH/PHICH) should be transmitted from all the points to be soft combined, which would incur a control channel capacity problem, though a gain from soft combining is obtained (Spatial reuse of PDCCH may be challenging).
· Rel. 8/9 UE with CRS based transmission modes 
· UE may be associated with the nearest RRH/macro point(s) using the uplink channel as shown in Fig. 7 (c). 
·  However, due to the use of the CRS, data (PDSCH) and control (PDCCH/PHICH) channels should be transmitted from all points to be soft combined, which would incur a capacity problem, while a gain from soft combining can be obtained (Spatial reuse of PDCCH/PHICH/PDSCH may be challenging).
[image: image7.emf]Data channel

Control channel


    (a) Rel. 11 UE                               (b) Rel. 10 UE                             (c) Rel. 8/9 UE

Figure 7 – Legacy UE support using single cell ID CoMP operation
3.2.3
Example of CoMP operation with single cell ID

Figure 8 shows an example of CoMP operation with a single cell ID. For legacy (Rel. 8/9) UE, by transmitting the same PDCCH (PDSCH) from all transmission points, a gain from soft combining at the UE can be achieved (e.g.,  macro (RRH) subframe # 0 in Fig. 8). In addition, unlike in Rel. 10 eICIC with subframe shifting, the MBSFN subframe configuration can be synchronized between macro and RRH points, which is preferable for TM9; RRHs can transmit the PDSCH on the MBSFN subframe to reduce the CRS overhead for TM9 operation, while at the same time the macro-point transmits ABS on the MBSFN subframe to reduce the CRS interference to the RRH (e.g., macro (RRH) subframe # 8). In this subframe, an advanced CoMP scheme such as JP-CoMP can be applied. Intra-cell operation can avoid handovers within macro cell area. One concern for this single cell ID operation is PDCCH/PDSCH multiplexing capacity for the legacy UE due to soft combining as mentioned before. For Rel. 11 UE, as shown in macro (RRH) subframe #3, the control channel can also be transmitted only from associated point(s) by introducing UE-specific X-PDCCH.
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Figure 8 – Example of CoMP operation with single cell ID

3.3
Comparison of CoMP operation with single/different cell ID

Table I summarizes a CoMP operation comparison for single/different cell ID
	Table I. Comparison of CoMP with Single/Multiple cell ID

	Pros
	Cons (FFS issues)

	Single 
cell ID
	1. Larger potential performance gain for Rel. 11 UEs
・No macro CRS collision with RRH PDSCH/PDCCH

・No subframe shift needed 

( MBSFN subframe synchronized between macro and RRH points, which is preferable for TM9
2. Intra-cell operation
・ No handover needed (RRH-macro)
	1. Capacity benefit may be limited for legacy UEs
・ PDCCH and PDSCH must be transmitted from all points. (Rel-8/9)

( No cell splitting gain 

・ PDCCH  must be transmitted from all points. (Rel. 10 UE)

( UE specific control channel is most likely needed to spatially reuse control region for Rel. 11 UE

・2. FFS 

・Point association accuracy using uplink measurement for each UE. 

・Common channel capacity (e.g., RACH)

	Multiple cell ID
	1. Less impact to support legacy UE
・ Cell splitting gain by spatial reuse of PDCCH/PDSCH 
	1. Limited performance gain for CoMP
・ Macro CRS collision with RRH PDCCH/PDSCH 

・ Subframe shifts are needed

( MBSFN subframes are not synchronized between macro and RRH, not preferable for TM9

( Canceling legacy transmission (CRS, MIB/SIB, SS, PHICH, etc.) in macro layer is necessary to solve the problem.


4. Conclusion

In this contribution, we compared the features of Rel. 10 eICIC and Rel. 11 CoMP with low power RRHs in a heterogeneous network mainly focusing on a comparison between scenarios 3 and 4.
Compared to Rel. 10 eICIC, Rel. 11 CoMP with low power RRHs in the heterogeneous network can apply dynamic time/frequency resource coordination (partial muting of macro transmission) between macro and RRH layers. In addition, further enhancement by introducing more advanced CoMP among RRH layers or between macro and RRH layers could be studied further.
We also summarized a comparison for Rel. 11 CoMP operation with single/different cell ID as follows.

	
	Pros
	Cons (FFS issues)

	Single 
cell ID
	1. Larger potential performance gain for Rel. 11 UEs

・No macro CRS collision with RRH PDSCH/PDCCH

・No subframe shift needed 

( MBSFN subframe synchronized between macro and RRH points, which is preferable for TM9

2. Intra-cell operation
・ No handover needed (RRH-macro)
	1. Capacity benefit may be limited for legacy UEs
・ PDCCH and PDSCH must be transmitted from all points. (Rel. 8/9)

( No cell splitting gain 

・ PDCCH  must be transmitted from all points (Rel. 10 UE)

( UE specific control channel is most likely needed to spatially reuse control region for Rel. 11 UE

2. FFS 
・Point association accuracy using uplink measurement for each UE
・Common channel capacity (e.g., RACH)


	Multiple cell ID
	1. Less impact to support legacy UE
・ Cell splitting gain by spatial reuse of PDCCH/PDSCH 
	1. Limited performance gain for CoMP
・ Macro CRS collision with RRH PDCCH/PDSCH 

・ Subframe shifts are needed

( MBSFN subframes are not synchronized between macro and RRH, not preferable for TM9

( Canceling legacy transmission (CRS, MIB/SIB, SS, PHICH, etc.) in macro layer is necessary to solve the problem


Based on the table, further study points for single cell ID CoMP are summarized as follows.

· Feasibility of soft combining of the PDSCH and/or PDCCH for legacy (Rel. 8/9/10) UE
-  Soft combining gain and PDSCH/PDCCH multiplexing capacity limitation must be evaluated

· Feasibility of point association using multiple CSI-RS measurement or uplink channels
· Additional CoMP gain among RRHs or between macro and RRHs
· Capacity of common channels (e.g, RACH) shared by all UEs (Rel. 8/9/10/11) 
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