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1. Introduction
In RAN WG1 #63bis meeting, CoMP study item was initiated for further enhancement of LTE-Advanced. Although DL control signaling for CoMP was discussed during the RAN WG1 #66bis meeting, we did not have much progress. The issues to be solved/discussed are listed in the TR36.819. We discuss on some of them, i.e., CRS position and PDSCH region, and show our opinion on them in this document.
2. Discussion
2.1. CRS position
In case of JT, a UE receives PDSCH from several TPs at the same time. In case of DPS, a UE receives PDSCH from one TP. However, TP changes dynamically in DPS. Therefore, in both JT and DPS, the UE has several candidates of CRS position as shown in the figure 1. It is due to the CRS frequency shift generated by different cell IDs (in case of CoMP scenarios 1-3). Different numbers of CRS ports also generate different CRS positions although it is not described in the figure 1.
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Figure 1: Different CRS position among TPs
In case of JT, different CRS position may generate collision among signals from several TPs. An RE in the PDSCH region is used for PDSCH in one TP and used for CRS in another TP. Therefore, it is needed to align CRSs from all TPs at the same position. Another possibility is that all different CRS positions are informed to a UE and the UE cancels of the interference due to collision between CRS and PDSCH. Otherwise, all REs which might be used for CRS should be prohibited to use for PDSCH. In any cases above, there is no difference between signaling in advance (RRC signaling) and signaling in each subframe (PDCCH signaling) from the efficiency point of view.
In case of DPS, it seems to be efficient to signal CRS position transmitted from selected TP in each subframe. Another possibility is to inform a UE of REs which might be used for CRS in any TPs. In this case, these REs are not used for PDSCH and the UE omits them to decode. However, some of the REs are unnecessarily unused. Therefore, to avoid such situation, it is better to signal CRS position of selected TP in each subframe. If cancellation is used, there are no REs which are unnecessarily unused. However, the signaling of CRS position is anyway needed whenever CRS position changes.
2.2. PDSCH region
Currently, the number of OFDM symbols for control part might be different among TPs. It means the number of OFDM symbols for PDSCH might also be different. It is shown in figure 2.
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Figure 2: Different PDSCH region among TPs
Different PDSCH regions may prevent a UE to correctly receive the PDSCH in case of JT. Therefore, the number of OFDM symbols for PDSCH must be the same among CoMP TPs.
The number of OFDM symbols may dynamically change even if it is the same among CoMP TPs. In this case, the number needs to be signaled to a UE which receives the PDSCH.

2.3. Comparison of signaling ways for CRS position and PDSCH region
As discussed in section 2.1 and 2.2, the signaling of the CRS position and the PDSCH region to a UE might be needed. There are some alternatives for the signaling, i.e., semi-static, dynamic and hybrid (semi-static and dynamic) ones. RRC signaling can be used for semi-static signaling and PDCCH (or e-PDCCH) can be used for dynamic signaling.
(a) RRC signaling:

In this way, the information of different CRS positions and PDSCH regions are signaled and it is semi-statically configured. The CRS position in each CoMP TP is signaled when the CoMP set is decided. Also, the PDSCH region is signaled. In this case, the PDSCH region is fixed even if a higher number of OFDM symbols is available in all CoMP TPs thanks to a smaller number of OFDM symbols for control part. RRC signaling has less flexibility. On the other hand, additional information bits in PDCCH (or e-PDCCH) are not needed.
Regarding REs, in which PDSCH is colliding with CRS, PDSCH may suffer from degradation in case of JT if the CRS presence is not known. Therefore, it is better to define these REs to be omitted or for applying cancellation in advance, i.e., by RRC signaling. On the other hand, it is inefficient to define these REs in advance in case of DPS because only one TP sends CRS to a UE and collision does not happen with PDSCH unlike JT. However, it might be better to take a unified way if dynamic change between JT and DPS is done.
(b) PDCCH (or e-PDCCH) signaling:

In this way, all information is signaled in PDCCH. Therefore, this has the highest flexibility to change the CRS positions and the PDSCH region compared to other signaling ways. However, it requires more information bits in PDCCH. Therefore, we have to carefully consider whether it leads to an efficient usage of REs.
(c) Hybrid signaling:

In this way, several patterns of CRS positions and PDSCH region are prepared and signaled to a UE by RRC signaling, and then the pattern used in a sub-frame is informed by PDCCH (or e-PDCCH) signaling. Therefore, it still has the flexibility to change the CRS position and the PDSCH region. It is noted that this signaling requires more information bits in PDCCH although it is less than in case (b). It requires more information bits in RRC signaling as well to define each pattern of CRS positions and PDSCH region. We have to carefully consider whether it leads to efficient usage of REs like case (b). However, this signaling seems to be needed to inform which CRS position is used in case of DPS as already discussed in section 2.1.
The pros and cons are shown in the table 1 below.
Table 1: Comparison of signaling ways

	
	Pros
	Cons

	(a) RRC signaling
	· No additional information bits in PDCCH
	· No flexibility

	(b) PDCCH (or e-PDCCH) signaling
	· Most flexibility to change CRS position and PDSCH region
	· More information bits in PDCCH

	(c) Hybrid signaling
	- Still flexible and less information bits in PDCCH than case (b)

	· More information bits in PDCCH than case (a)
· More information bits in RRC signaling than case (a). 


Although there are pros and cons in each signaling way, we prefer to take RRC signaling at least for signaling of PDSCH region. It does not require additional information bits in PDCCH which is used in every occasion of CoMP receiving for UEs. We guess it introduces the most efficient usage of resource. The PDSCH region is fixed in RRC signaling and it seems to be inefficient. However, if it can be judged that control part needs e.g., only 1 OFDM symbol considering the number of UEs in a cell, we can take 13 OFDM symbols for PDSCH region for CoMP and non-CoMP as well. It is not inefficient case. Although it is an extreme case that 1 OFDM symbol is taken for control part, it depends on the number of OFDM symbols for control part whether fixed PDSCH region is efficient or inefficient. Considering the number of bits needed in PDCCH and discussion on fixed PDSCH region above, RRC signaling might be the most efficient way.
Regarding CRS position, it is also better to take RRC signaling in case of JT as discussed in section (a). On the other hand, it is better to take hybrid signaling in case of DPS as discussed in section (c) and section 2.1. 
Proposal: to take RRC signaling only to inform the CRS position for JT and hybrid signaling for DPS, and the PDSCH region size for both JT and DPS
To make a final decision on signaling for CRS position, discussion should be continued.

3. Conclusion
We discussed on signaling ways to inform UE of the CRS position and the PDSCH region size for CoMP. There are some signaling ways and we discussed their pros and cons. From the efficient resource usage point of view, we prefer to take the following.
Proposal: 
· to use only RRC signaling to inform the CRS position for JT and hybrid signaling for DPS
· to use only RRC signaling to inform the PDSCH region size for both JT and DPS
To make a final decision on signaling for CRS position, discussion should be continued.
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