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1 Introduction

Rate matching information of a CoMP PDSCH should be conveyed to the UE for correct PDSCH mapping, i.e., rate matching around CRS and CSI-RS. RAN1 discussed possible solutions for signaling of PDSCH mapping in RAN1#70 without reaching consensus [1]

 REF _Ref335741391 \r \h 
[2].
This contribution discusses the signaling aspect of PDSCH mapping for CoMP. In Section 2, the signaling contents which need to be informed to UE for its PDSCH mapping and detection are discussed, and Section 3 provides the exact signaling details for DCI signaling for PDSCH mapping for CoMP. At last, Section 4 summarizes the proposals of this contribution. This contribution also proposes the details of the signaling of the quasi co-location assumption between the PDSCH DMRS and CSI-RS.
2 Discussion on signaling contents

In this section, we discuss the contents that need to be signaled to UE. The following information should be informed to UE for its PDSCH mapping and detection.
· CRS frequency shift (
[image: image1.wmf]shift

v

) and number of CRS ports
· Configuration information for MBSFN subframes 
· ZP CSI-RS information for PDSCH rate matching 
· Quasi co-location information between CSI-RS and DMRS

· PDSCH starting symbol

It is obvious that CRS positions should be informed to UE for its PDSCH mapping and detection, including the CRS frequency shift (
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) and number of CRS ports. In addition, configuration information for MBSFN subframes needs to be sent to UE because there are no CRS ports in MBSFN subframes. Besides CRS position, Zero-Power (ZP) CSI-RS position also should be informed to the UE. The PDSCH should be mapped around the signaled ZP CSI-RS configuration, which may be different than the ZP CSI-RS configuration received by the UE from its serving cell in a semi-static manner.
In addition to the positions of the CRS and ZP CSI-RS, quasi co-location information between CSI-RS and DMRS should be sent to the UE. A Rel-11 UE relying on MMSE channel estimation over DMRS also requires being informed about the reference signal for estimating the power delay profile used in the parameters of the Wiener filter. CRS cannot always be used as a reference since different TPs may belong to the same cell. CSI-RS is the only available reference that can be linked to each TP in the CoMP measurement set. Likewise, it is beneficial to inform the UE about a reference interference assumption for improving the quality of the MMSE filter used for channel estimation over DMRS. The indication of a reference CSI-RS resource and IMR can be obtained from the index of a CSI process, where by definition a CSI process is the association of one NZP CSI-RS resource and one IMR. Therefore, CSI process index should be sent to UE for both quasi co-location information between CSI-RS and DMRS and IMR information. Figure 1 gives the performance comparison between signaling of CSI process index and signaling of CSI-RS resource.
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Figure 1: Benefit of signalling of CSI process index compared to signalling of CSI-RS resource

In case only the CSI-RS resource index is signaled to the UE, the UE would have to make an assumption on the noise plus interference experienced by the DMRS. The UE could for example assume the interference level from one of the IMRs, or reuse the legacy interference measurements. In this case, there would be a gap between the true interference level experienced by the DMRS and the UE assumption. This gap was modeled by the noise shift in Figure 1. The difference between the interference experienced on two IMRs can be on the order of several dBs. For example, two IMRs can differ in terms of dominant interferer, where the dominant interferer could be the macro cells in one IMR and the pico cell in the other IMR. For a UE in a situation similar to cell range expansion, a difference of 9 dB could be experienced. From Figure 1, we can see that there is a performance gain of signaling the CSI process index over signaling the CSI-RS resource. The gain comes from informing the UE about the IMR that is relevant to the DMRS, which can improve the quality of the MMSE filter used for channel estimation.
The starting OFDM symbol for the PDSCH is also one important factor for PDSCH mapping. The control regions of cells involved in the CoMP measurement set of one UE may have different sizes. Control regions are typically configured independently in different cells according to the traffic load of each cell. While it may be possible to configure the same control region size for cooperative cells, Rel-11 should still support the possibility of having different control region sizes. Even if the traffic of CoMP UEs can be pooled among cooperative cells, non-CoMP UEs will contribute to different traffic loads in each cell. 

There are three alternatives for the signaling design of PDSCH starting symbol as the following:

· Alt1: PDSCH starting symbol can be included in each state (if not included, the UE shall assume the starting position of PDSCH follows that of the serving cell)

· Alt2: PDSCH starting symbol is signaled by higher-layers (common to all states)

· Alt3: UE shall assume the starting position of PDSCH follows that of the serving cell
[Note: The states mentioned above mean the combination of different messages which should be informed to UE for PDSCH rate matching. These states are configured by RRC signaling. ]
Alt2 can only support semi-static point selection when the involved points have different sizes for their control regions. For Alt3, the UE assumes the starting position of PDSCH follows that of the serving cell. One case is that if the points involved into CoMP transmission keep the same size of control regions; it will limit the selection of control regions of CoMP transmission points. Another case is that UE assumes the starting position of PDSCH follows that of the serving cell, even if the sizes of control regions are different. This assumption will degrade system spectrum efficiency because some OFDM symbols cannot be used in the CoMP transmission.

Compared to Alt2 and Alt3, Alt1 has the most flexibility and can support dynamic point selection when the involved points have different sizes of control regions. Alt1 will induce more DCI control signaling overhead as it will use 2 more DCI bits. If dynamic signaling overhead is deemed too large to convey the starting OFDM symbol for mapping the PDSCH, it could be signaled by higher-layers to support semi-static point selection as in Alt1.

As a summary to the discussion above, the following 4 messages may be included into each state configured by RRC signaling:

· MSG1: one CRS position (number of ports, frequency shift) and MBSFN subframe information

· MSG2: one ZP CSI-RS configuration (16-bit bitmap)
· MSG3: one CSI process index (mandatory)
· MSG4: one value of PDSCH starting symbol (optional)
It should be noted that RRC signaling similar to MSG1 was agreed for FeICIC related specifications, so this signaling could be reused for CoMP, for example by simply indicating a physical cell identity pointing the list of neighbor cells signaled by RRC or to the serving cell.
Proposal 1: the following 4 messages can be indicated for each state configured by RRC signaling:
· If an optional message is not signaled, the UE shall assume the serving cell’s corresponding information, and in case of ZP CSI-RS the semi-statically configured ZP CSI-RS.
	Message
	Signaling method
	Mandatory/optional

	One cell’s CRS position (number of ports, frequency shift)

One cell’s MBSFN subframe information
	May reuse the FeICIC RRC signaling of neighbor cells’ list
	Optional

	One ZP CSI-RS configuration
	16-bit bitmap without subframeConfig
	Optional

	One CSI process index
	2 bits
	Mandatory

	One value of PDSCH starting symbol
	2 bits
	Optional


3 Signalling design for PDSCH mapping for CoMP

In this section, a signaling method for PDSCH mapping is presented providing the exact signaling details for correct PDSCH mapping, involving a combination of signaling by RRC and DCI. 
A combination of RRC signalling and dynamic signalling was proposed in [3]. In this proposal, RRC signalling is used to semi-statically inform UE the concrete configuration of each state, including CRS position and MBSFN subframes information, ZP CSI-RS position, CSI process index, and PDSCH starting symbol. Dynamic signalling is used to inform UE which state is configured for the UE at current time. The important issue is how to design the dynamic signaling in the DCI format to support such objective.
First, in Section 3.1, the number of states of PDSCH mapping is discussed, and a comparison of the two options is presented. In Section 3.2, two methods to indicate the states are discussed and we give our proposal on the DCI signaling design for PDSCH mapping for CoMP.

3.1 Discussion on the number of states of PDSCH mapping
Currently, there are two opinions on the number of states of PDSCH mapping, which need to be configured in RRC signaling and signaled by the dynamic signalling:
· Option 1: define 2 states of PDSCH mapping
· Option 2: define 4 states of PDSCH mapping
For Option 1, some companies proposed to define 2 states in the DL DCI format associated with TM10. The proposals implicitly indicate one state by reusing the two codepoints indicated by nSCID used for signaling the scrambling sequence initialization of DMRS. Assuming X(nSCID) is the virtual cell ID (VCID) of DMRS, then the UE should assume transmission from the cell with physical cell ID (PCID), i.e.:

· CRS PCID = DMRS VCID for PDSCH mapping around CRS

· CSI-RS VCID = DMRS VCID for quasi co-location assumption
Option 1 can reuse existing bit in DCI format, hence there is no need to add any new bit for the indication of PDSCH mapping. However, the following two serious drawbacks of Option 1 should be considered:

· Drawback 1: 2 states are not sufficient when the UE reports CSI for 3 cells, since the UE could be scheduled to receive PDSCH from any cell

· Drawback 2: Tying DMRS VCID to CRS PCID and/or CSI-RS VCID limits the flexibility of DMRS VCID allocation and MU MIMO pairing in CoMP operation 
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Figure 2: Drawback of tying DMRS VCID to CRS PCID
To explain the second drawback, as shown in Figure 2 for scenario 3, cell A is the serving cell of UE1 and cell B is the serving cell of UE2. If UE1 and UE2 are to be paired by MU-MIMO while receiving the PDSCH from their respective serving cells, then they must assume the CRS positions of their respective serving cells. With option 1, the DMRS VCID should be equal to the PCID of their respective serving cells, so the DMRS VCIDs of UE1 and UE2 will be different. Consequently, these two UEs cannot be paired orthogonally. In order to be paired orthogonally with option 1, both UEs can only receive the PDSCH from the same cell or TP.
As discussed in the context of DMRS scrambling design for CoMP, a useful configuration for dynamic MU-MIMO pairing is to configure the two candidate VCIDs X(0) and X(1) to be respectively equal to the closest TP’s ID and a common (group) ID, rather than to configure X(0) and X(1) to two TPs’ IDs. Note that a TP ID refers to the VCID of the CSI-RS resource transmitted from this TP, and in scenarios 1/2/3 also refers to the PCID. For example, it was explained in [4] that “dynamic coordination of sequences across service areas of points could be achieved by letting one of the two parameters correspond to the serving point of the UE and the other parameter to carry the value used by coordination candidate UEs close to a neighboring service area border but served by another point”.
Using a group ID allows a UE to receive the PDSCH from TP1 or TP2 with the same DMRS VCID, while the other DMRS VCID allows the UE to be paired with legacy UEs in its serving cell. The value of nSCID that corresponds to the group ID should therefore be usable with transmission from either TPs. Therefore, constraining each value of nSCID to be associated with a single rate matching pattern and/or with a single quasi co-location assumption is not acceptable.
Therefore, we propose:

Proposal 2: 4 states for PDSCH mapping and quasi co-location assumption should be defined and configured by RRC signaling.
Table 1 gives the comparison of the two options, including their pros and cons:

Table 1: Comparison of 2 states and 4 states of PDSCH mapping

	Options for number of PDSCH mapping
	Pros
	Cons

	Option 1: define 2 states of PDSCH mapping
	No DCI control signaling overhead
	2 states are not sufficient when the UE reports CSI for 3 cells, since the UE could be scheduled to receive PDSCH from any cell

Tying DMRS VCID to CRS PCID limits the flexibility of DMRS VCID allocation and MU MIMO pairing in CoMP operation 

	Option 2: define 4 states of PDSCH mapping
	Can support up to 3 cells PDSCH mapping signalling

No limitation to the flexibility of scheduling users with MU MIMO pairing across cells or TPs.
	Additional DCI control signaling overhead


3.2 Discussion on the methods to indicate 4 states of PDSCH mapping
There are two methods to indicate 4 states of PDSCH mapping:
· Method 1: define 2 new bits in DCI format
· Method 2: reuse the 2 codepoints indicated by nSCID and define 1 new bit in DCI format 

Method 1 can overcome the two drawbacks of Option 1. But Method 1 needs to introduce 2 new bits in DCI format to indicate the state of PDSCH mapping so the overhead of control signaling is larger.
For Method 2, there is no hard linkage of VCID of DMRS to PCID of CRS or VCID of CSI-RS. A state associated with VCID X(0) of DMRS is not linked to a single CRS PCID and/or to a single CSI-RS VCID. 
The merits of method 2 are the following:

· Overhead of DCI control signaling is lower than Method 1.

· Less limitation to the flexibility of MU MIMO pairing compared to just 2 states with nSCID.
However, method 2 would still limit the flexibility of DMRS VCID assignments for UEs that are doing CoMP with 3 cells, which is the limit allowed by the maximum size of the CoMP measurement set.
Table 2 gives the comparison of the two methods, including their pros and cons:
Table 2: Comparison of the two methods to indicate 4 states of PDSCH mapping
	Methods to indicate 4 states of PDSCH mapping
	Pros
	Cons

	Method 1. Define 2 new bits in DCI format to indicate 4 states of PDSCH mapping.
	No limitation to the flexibility of scheduling users with MU MIMO pairing for CoMP.
	Larger DCI control signaling overhead (2 new bits in DCI)

	Method 2. Reuse the 2 codepoints indicated by nSCID and define 1 new bit in DCI format to indicate 4 states of PDSCH mapping.
	Less limitation to the flexibility of scheduling users with MU MIMO pairing for CoMP compared to just 2 states with nSCID.
Overhead of DCI control signaling can be reduced compared to Method 1.
	Medium DCI control signaling overhead (only one new bit in DCI)
Some limitation the flexibility of DMRS VCID assignments for UEs that are doing CoMP with 3 cells


Proposal 3: define 2 new bits in the DL DCI format used to schedule CoMP transmissions, to signal the PDSCH rate matching and quasi co-location assumption between DMRS and CSI-RS. 

4 Conclusions

This contribution provides an analysis of the dynamic signalling requirements for DL CoMP operation with respect to PDSCH mapping. Based on our observations, the following proposals are made.

Proposal 1: the following 4 messages can be indicated for each state configured by RRC signaling:
· If an optional message is not signaled, the UE shall assume the serving cell’s corresponding information, and in case of ZP CSI-RS the semi-statically configured ZP CSI-RS.
	Message
	Signaling method
	Mandatory/optional

	One cell’s CRS position (number of ports, frequency shift)

One cell’s MBSFN subframe information
	May reuse the FeICIC RRC signaling of neighbor cells’ list
	Optional

	One ZP CSI-RS configuration
	16-bit bitmap without subframeConfig
	Optional

	One CSI process index
	2 bits
	Mandatory

	One value of PDSCH starting symbol
	2 bits
	Optional


Proposal 2: 4 states for PDSCH mapping and quasi co-location assumption should be defined and configured by RRC signaling.
Proposal 3: define 2 new bits in the DL DCI format used to schedule CoMP transmissions, to signal the PDSCH rate matching and quasi co-location assumption between DMRS and CSI-RS. 
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