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1. Introduction
As the CoMP development in Rel-11 concluded on feedback framework of per CSI-RS-resource feedback based on configured IMR, the discussion of control signaling for CoMP and associated transmission mode can proceed. In the last meeting RAN1 #70, there is a possible WF [1]:
Possible agreement for further discussion: 

· For all the PRBs of the scheduled PDSCH, signaling provides the UE assumptions for PDSCH mapping and PDSCH detection:

· The PDSCH mapping follows the Rel-8 mapping around the signalled CRS REs instead of the serving cell’s CRS REs

· Signaling uses 2 bits in a DL DCI format that supports DL CoMP:

· Each state corresponds to a higher-layer list of parameters, consisting of:

· a number of CRS ports (0, 1, 2, 4)

· For number of CRS ports > 0, the CRS the frequency shift

· FFS for information handled under AI7.7

· FFS whether PDSCH starting symbol can be included in each state or just signaled by higher-layers

Consider also R1-123989.

Revisit at RAN1#70bis. 

Related in AI 7.7 (Quasi co-location of antennas), we have the following agreement:

Agreement:

One of the behaviors supported by a Rel-11 UE is behavior A as described below:

A:

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}

In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour

The second UE behaviour supported by a Rel-11 is the following:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4

In this contribution, we discuss the necessary signaling to resolve the following remaining issues of the control signaling:

· 2 bit DCI field to indicate CRS rate matching

· PDSCH starting symbol indication 

· Signaling of the CSI-RS resource that can be assume quasi co-located with PDSCH DMRS

· Aperiodic CSI triggering

2. Rate matching around CRS in DPS and JT
2.1. Background

In CoMP scenario #1-3 where there are two or more cells (separate cell IDs) participating in the CoMP transmission and each cell can be a serving cell to some other UEs. The obligation to transmit CRS will prevent the cell from participating in the CoMP transmission on those CRS locations. These CRS locations of a participating non-serving cell are unknown to the UE and they also depend on the type of subframes (i.e., normal or MBSFN). On those REs, at least one participating TP will have a conflict between transmitting CRS and fulfilling its part in CoMP. 
If the two or more cells with separate cell IDs are performing CoMP Joint Transmission (JT) to a UE, unknown position of CRS-colliding REs will be a problem. In case of DPS/DPB, since UE is agnostic to the actual cell selected, there will be two cases:

· If the serving cell is the selected TP, technically the UE does not need to know if a RE is being interfered by another TP’s CRS. 

· If the selected TP is not the serving cell, the UE will not know the CRS of the transmitting TP, even though the UE knows to skip the serving cell’s CRS. 

For CBF, unknown position of other cell’s CRS will not be problematic, even though the knowledge of CRS-colliding REs can be helpful as those CRS present a different interference than the interference caused by data transmission of other cells.  

A simple solution is PDSCH rate matching around those CRS-colliding REs, i.e., skipping the CRS-colliding REs with no transmission from any TPs other than the one with CRS obligation. Some loss of spectral efficiency is expected. To mitigate the loss, the TPs can elect to spread the unused transmission power to other data-carrying REs. Note that due to non transmission, the interference on CRS will be reduced to allow perhaps better channel estimation. But it may also result in the estimated interference on CRS not reflecting the actual interference on data REs.
If the transmission points, in this case separate cells in scenario #1-3, are known to the UE in terms of the knowledge of the number of CRS ports, cell ID, MBSFN pattern, and subframe offset, the UE can figure out whether there is any conflict and where the colliding-CRS are. Technically, these parameters are either fixed (e.g., cell ID or CRS ports) or semi-static if a change does happen (e.g., MBSFN pattern). However, CRS collision can happen dynamically from subframe to subframe, because JT and DPS/DPB can be applied dynamically.  
In summary:

· Rate matching around CRS is needed for DPS and JT for CoMP scenario 1-3 (not #4)

· It was previously agreed that the maximal size of the CSI-RS Measurement Set is 3, so we can design for up to 3 cells for JT or DPS/DPB.
2.2. DCI signaling

For 2 TPs in the COMP measurement set, 1-bit signaling of 2 RRC-signaled “PDSCH rate matching configuration” may be adequate (to support JT among the two, we need 3 states). For 3 TPs, a 2-bit dynamic signaling of 4 RRC-signaled “PDSCH rate matching configuration” states is adequate. The “PDSCH rate matching configuration” is configured together with each NZP CSI-RS resource in CoMP measurement set. Each “PDSCH rate matching configuration” contains the following information:

Table 1. PDSCH rate matching configuration

	
	Description

	PDSCH rate matching config index
	#0: same as serving cell and no need of the rest of the bit fields

# 1/2/3: following bit fields are present

	CRS pattern
	Option A: cell ID and subframe offset
Option B: 

· Number of CRS ports (1/2/4/8)

· CRS frequency shift 

	MBSFN pattern
	MBSFN pattern 

	PDSCH starting symbol
	0/1/2/3 (discussed later)


To indicate CRS information, a straightforward approach is to provide the cell IDs. Assuming the serving cell is cell #0 and the two other cells are cell #1 and #2. Once the cell ID for cell#1 and Cell#2 are known, their CRS patterns are also known exactly. If one cell may have its CRS overlapping with the CRS of cell#0, the UE will know from Cell ID if any CRS in conflict. 

An alternative is to provide the CRS port number and the frequency shift. The frequency shift information is needed technically only when it differs from that of the serving cell. However, for clarity, we may still signal the CRS information even if it is the same as that of the serving cell.
Note that the benefit of assigning some index to each of the three CSI-RS resources, as in Table 1, is that we can reuse the 2 bit signaling to indicate the DMRS and CSI-RS co-location, as discussed later.
The 2-bit dynamic signaling is straightforward defined as: 

Table 2. DCI signalling of PDSCH rate matching

	Bit value
	Indication of rate matching configuration
	Notes

	00
	Rate matching per serving cell CRS
	Transmission from serving cell #0 or other cells with overlapping CRS

	01
	Rate matching per config #1
	Rate matching around cell#1 

	10
	Rate matching per config #2
	Rate matching around cell#2 

	11
	Pre-defined JT support (e.g., rate matching per both config #0 and #1, or all TPs)
	Pre-defined rate matching (e.g., rate matching around two or more cells in JE T support)


A UE still needs to rate match around REs colliding with CRS of other cells(s) if these cells are not in MBSFN subframe. The MBSFN pattern (relative to the serving cell SFN in case the SFN are not aligned) can be easily signaled via high layer. It is better to signal the MBSFN subframe pattern explicitly than setting the CRS port number to be 0 in “PDSCH rate matching configuration”, because MBSFN subframes are just for all subframes. 
Proposal #1: Define a RRC signaled “PDSCH rate matching configuration” that is configured together with each NZP CSI-RS resource in CoMP measurement set.  Each “PDSCH rate matching configuration” contains the information defined in Table 1.

Proposal #2: Define a 2-bit DCI signaling per Table 2.
2.3. PDSCH starting symbol and signaling

The issue of mis-aligned starting symbol of PDSCH in different cells has also being noted, because the PDCCH region can span 1, 2, or 3 symbols from subframe to subframe. In JT, the largest PDCCH region among all TPs dictates the starting point. Hence, it is better to align them to avoid loss of the too many REs. For DPS, there is no such potential waste because the starting point will just follow the selected transmitting point. Since PDCCH region can change from subframe to subframe, a dynamic signaling will be useful. A maximal 2-bit field to indicate explicitly the starting symbol (#0, 1, 2, or 3) can be considered for maximal flexibility. Note that in DPS, but not in JT, the starting symbol can be earlier than that of the serving cell indicated by serving cell’s PCFICH. In fact, the starting point indication for JT can be even fixed (e.g., always assume the same as the serving cell, which is a reasonable operation as discussed previously). At least, the starting point in JT case will always equal to or later than that of the serving cell – a property that can be exploited to reduce the signaling bits if UE knows JT or DPS transmission. 

Ideally an additional 2-bit can be defined to indicate 0/1/2/3 starting symbol for PDSCH. But to minimize additional bits required, a suboptimal approach is to define a fixed starting point for each of the “PDSCH rate matching configuration” together with each CSI-RS resource configuration (see Table 1). Of course if transmission is only from the serving cell, its PCFICH should be followed. If the network wants to have a fixed starting point, eNB can simply set the same starting symbol for all the PDSCH rate matching configurations. 

For ePDCCH stating point, clearly it is impossible to decode the 2-bit dynamic signaling as proposed previously. An RRC configured fixed value should be used instead. 

Proposal #3: Define a fixed starting point for each of the “PDSCH rate matching configuration” together with each CSI-RS resource configuration (see Table 1). But if transmission is only from serving cell, its PCFICH should be followed. An RRC configured fixed value for PDSCH starting symbol should be used for ePDCCH.
3. Rate matching indication of other signals 

If the cell-IDs of CoMP Measurement Set are RRC signaled to a UE, along with subframe offset, most of cell-specific signaling including PSS/SSS and PBCH can be rate matched around as well. UE-specific signals like CSI-RS from multiple cells are typically known to the UE. If JT or DPS is likely to be applied, the corresponding CSI-RS should be included in the CoMP Measurement Set. That brings the question of whether a cell can configure NZP CSI-RS for some UEs, but not others. In our view it is possible. What if then the cell needs to transmit to a UE that does not know that some REs are used as CSI-RS for some other UEs. We think this is not typical and can be avoided at eNB. Basically the case is that the cell is selected in DPS but it did not anticipate becoming the transmission point for that UE (thus did not make its CSI-RS known to the UE). Normally, the UE will be configured with that cell’s CSI-RS.  If the cell decides to temporarily transmit to that UE without being previously included in the CoMP Measurement Set, it is similar to the case of R8/9 UEs being served in subframes with CSI-RS. Performance degradation is inevitable, but may be tolerable. 
For ZP CSI-RS including IMR, even though they are UE-specific just like NZP CSI-RS, they will be typically visible (i.e., configured) to all the UEs. Since all ZP CSI-RS is a potential IMR and UE could be configured to measure interference from time to time, so all ZP CSI-RS (including IMR) is typically known to the UEs.   

For PRS which are also UE-specific but unknown to a UE, eNB should be able to avoid any conflict.  

Proposal #4: It is unnecessary to indicate any rate matching around CSI-RS (NZP or ZP) or PRS unknown to a UE. 

4. DMRS and CSI-RS Quasi Co-location Indication  

If we have an ID assigned for each of the three CSI-RS resources, we can reuse the 2 bit signaling to indicate the DMRS and CSI-RS co-location.

Table 3. DCI signalling of PDSCH rate matching jointly with co-location signalling 

	Bit value
	Indication of rate matching configuration
	Indication of co-location 

	00
	Rate matching per serving cell CRS
	Co-location assumed between DMRS and serving cell CSI-RS

	01
	Rate matching per config #1
	Co-location assumed between DMRS and CSI-RS resource associated with  config #1

	10
	Rate matching per config #2
	Co-location assumed between DMRS and CSI-RS resource associated with  config #2

	11
	Pre-defined JT support (e.g., rate matching per both config #0 and #1, or any two or more TPs)
	Co-location assumed between DMRS and CSI-RS resource associated with multiple configurations


Proposal #5: Reuse the 2 bit signaling to indicate the DMRS and CSI-RS co-location per Table 3
5. Aperiodic CSI trigger 

Aperiodic CSI trigger in DCI format 0 and 4 can reuse the 2-bit existing CSI request field in UE specific search space when configured with multiple CSI processes in one or multiple serving cells. The existing 1-bit CSI request field in CSS is reused when the UE is configured with multiple CSI processes and a single serving cell.

Even though there are 4 states for 2-bit triggering, we see that most likely only two states are needed as described in the first two rows of Table 4. An eNB may typically want the feedback of all configured CSI processes if it is a CoMP mode. Note that UE may have to periodically update the CSI process even for aperiodic feedback because a UE needs to report at subframe n+4 for multiple configured processes where subframe-n is the triggering subframe. Non-CoMP operation may also be common. With 2-bit triggering, we can add a third state that can be RRC configurable. A typical case for the third state is the CSI process corresponding to non-CoMP transmission. The remaining one state can be used for CA case with aperiodic reports of all configured processes for all the cells (up to the UE processing limit).
Table 4. 2 (or 1)-bit CSI request field for PDCCH with uplink DCI format 
	CSI request field
	Description

	’00’
	‘0’
	No aperiodic CSI report is triggered

	‘01’
	‘1’
	Aperiodic report for all configured CSI processes 

	‘10’
	Aperiodic report for the an RRC-configured “typical”  CSI processes (e.g., non-CoMP)

	‘11’
	For CA only, aperiodic reports for all configured CSI processes for all component carriers


Proposal #6: Reuse the 2 or 1 bit aperiodic triggering with the bit value defined in Table 4
6. Conclusion 
In this contribution, we discuss the necessary signaling to resolve the remaining issues of the control signaling:

· 2 bit DCI field to indicate CRS rate matching

· PDSCH starting symbol indication 

· Signaling of the CSI-RS resource that can be assume quasi co-located with PDSCH DMRS

· Aperiodic CSI triggering

We have the following proposals:
Proposal #1: Define a RRC signaled “PDSCH rate matching configuration” that is configured together with each NZP CSI-RS resource in CoMP measurement set.  Each “PDSCH rate matching configuration” contains the information defined in Table 1.

Table 1. PDSCH rate matching configuration

	
	Notes

	PDSCH rate matching config index
	#0: same as serving cell and no need of the following fields

# 1/2/3: following fields are present

	CRS pattern
	Option A: cell ID and subframe offset

Option B: 

· Number of CRS ports (1/2/4/8)

· CRS frequency shift 

	MBSFN pattern
	MBSFN pattern 

	PDSCH starting symbol
	0/1/2/3 (discussed later)


Proposal #2: Define a 2-bit DCI signaling per Table 2.
Table 2. DCI signalling of PDSCH rate matching

	Bit value
	Indication of rate matching configuration
	Notes

	00
	Rate matching per serving cell CRS
	Transmission from serving cell #0 or other cells with overlapping CRS

	01
	Rate matching per config #1
	Rate matching around cell#1 

	10
	Rate matching per config #2
	Rate matching around cell#2 

	11
	Pre-defined JT support (e.g., rate matching per both config #0 and #1, or all TPs)
	Predefined (e.g., rate matching around serving cell (#0) and #1)


Proposal #3: Define a fixed starting point for each of the “PDSCH rate matching configuration” together with each CSI-RS resource configuration (see Table 1). But if transmission is only from serving cell, its PCFICH should be followed. An RRC configured fixed value for PDSCH starting symbol should be used for ePDCCH.
Proposal #4: It is unnecessary to indicate any rate matching around CSI-RS (NZP or ZP) or PRS unknown to a UE. 

Proposal #5: Reuse the 2 bit signaling of PDSCH rate matching to indicate the DMRS and CSI-RS co-location according to Table 3
Table 3. DCI signalling of PDSCH rate matching jointly with co-location signalling 

	Bit value
	Indication of rate matching configuration
	Indication of co-location 

	00
	Rate matching per serving cell CRS
	Co-location assumed between DMRS and serving cell CSI-RS

	01
	Rate matching per config #1
	Co-location assumed between DMRS and CSI-RS resource associated with  config #1

	10
	Rate matching per config #2
	Co-location assumed between DMRS and CSI-RS resource associated with  config #2

	11
	Pre-defined JT support (e.g., rate matching per both config #0 and #1, or all TPs)
	Co-location assumed between DMRS and CSI-RS resource associated with multiple predefined configurations


Proposal #6: Reuse the 2 or 1 bit aperiodic triggering with the bit value defined in Table 4.
Table 4. 2 (or 1)-bit CSI request field for PDCCH with uplink DCI format 
	CSI request field
	Description

	’00’
	‘0’
	No aperiodic CSI report is triggered

	‘01’
	‘1’
	Aperiodic report for all configured CSI processes 

	‘10’
	Aperiodic report for the an RRC-configured “typical”  CSI processes (e.g., non-CoMP)

	‘11’
	For CA only, aperiodic reports for all configured CSI processes for all component carriers
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