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1. Introduction
Rel-11 UE behavior regarding quasi co-location assumptions is discussed and captured in [1], and the related LS sent to RAN4 [2] summarizes two behaviors as follows:

Behavior A: 

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

Behavior B: 

CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {
Delay spread, Doppler spread, Doppler shift, Average gain, 
Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}

In this contribution, we further discuss remaining issues regarding quasi co-location assumptions including CRS-to-CSIRS quasi co-location, DCI format 1A case, EPDCCH-related issues, and the signaling aspect in DCI with PDSCH rate matching information.

2. Remaining issues on quasi co-location assumptions
2.1. CRS-to-CSIRS quasi co-location
A WF [3] was presented and discussed via email discussion, which proposes to introduce the higher-layer signaling of CRS-to-CSIRS quasi co-location assumptions. Since the density of CRS is higher than that of CSI-RS, this signaling may provide some benefits to receive CSI-RS and obtain more accurate CSI measurements to be reported. However, the issue is how frequently the UE should measure neighbor cells CRS for this quasi co-location assumption. Our view is that this should also be discussed and first decided in RAN1, in order to introduce the signaling of CRS-to-CSIRS quasi co-location assumptions.
The measurement frequency of neighbor cells CRS for the quasi co-location assumption can be captured on the base simulation assumption in RAN4. The value of measurement frequency for quasi co-location assumption in RAN4 simulation implicitly enforces the UE to measure neighbor cells CRS at least once every certain period, i.e. the simulation assumption value for quasi co-location (as a minimum requirement). This seems similar to what RAN1 had recommended RAN4 the CSI-RSRP measurement set size as at least 8, though this is definitely up to RAN4.
Tracking neighbor cells every TTI for large scale parameters should be avoided since this results in excessive UE complexity, and measuring neighbor cell CRS every CSI-RS periodicity would also be burdensome. In order to minimize UE burden, it would be appropriate if the UE measures neighbor cells CRS for large scale properties as often as that in Rel-10 for neighbor cell RRM.
2.2. DCI format 1A case
In the RAN1#70 meeting, the following agreement on DMRS scrambling for DCI format 1A with MBSFN subframes was made:
· There is no change to PDSCH DMRS scrambling seed if it is scheduled by DCI format 1A in MBSFN subframes (equals to PCI) 

The UE behavior on quasi co-location when the fallback mode is signaled through DCI format 1A needs to be defined for considering all CoMP scenarios. The above behavior A (i.e., CRS-CSIRS-DMRS quasi co-location link) cannot be applied for this DCI 1A case (with MBSFN subframes), since the UE may be configured with multiple CSI-RS resources and the UE does not know which one of CSI-RS resources should be applied for the CRS-CSIRS-DMRS quasi co-location link. Since it is agreed in RAN1#70 that there is no change for DCI 1A with MBSFN subframes with the corresponding DMRS port 7 scrambed by PCID, we think just CRS-to-DMRS quasi co-location assumption is enough to help UE rx processing in the DCI 1A case. 
Proposal 1: We propose the following UE behavior, applied for all CoMP scenarios, when scheduled by DCI format 1A in MBSFN subframes:
Behavior A’ (scheduled by DCI format 1A in MBSFN subframes in TM10):
CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: 

CRS for the serving cell and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}
Based on Proposal 1, the UE can decode the scheduled PDSCH DMRS port 7 by utilizing the quasi co-location assumption between the DMRS port 7 and its serving-cell CRS port(s), both generated by PCID. Although the UE may be configured with multiple CSI-RS resources, the UE does not need to use any CSI-RS ports for quasi co-location properties since its serving-cell CRS port(s) (with higher density than any of configured CSI-RS ports) will always be utilizable by Proposal 1 for any CoMP scenarios.
If behavior A is desired to be still used for the DCI 1A case with MBSFN subframes, we may set a default CSI-RS resource index (e.g., index 0) among multiple CSI-RS resources, to be applied for the CRS-CSIRS-DMRS quasi co-location link. Although we are open to this option as well, we slightly prefer more to Proposal 1. It is because this option may lose some flexibility in configuring CSI-RS resources by network, in that for CoMP scenario 4 the network should configure the default CSI-RS as SFN-like CSI-RS when the CRS is transmitted as SFN manner, for supporting the fallback operation by DCI format 1A.
Based on Proposal 1, our view is summarized as Table 1 below. If Rel-11 UE is configured with TM9, the UE should always follow behavior A as Rel-10 which describes CRS-CSIRS-DMRS quasi co-location link. If the UE is configured with TM10, depending on the received DCI format, the UE should follow either behavior A’ (CRS-DMRS quasi co-location link) for DCI 1A with MBSFN subframes, or behavior B ((CRS)-CSIRS-DMRS quasi co-location link) for TM10-dependent DCI. Here, we noted for behavior B that the quasi co-location between CRS and CSI-RS is not yet agreed, thus we put the CRS in the parenthesis.
Table 1. 

	TM9


	TM10

	
	DCI 1A with MBSFN
	New DCI (e.g., DCI 2D)

	Behavior A:

CRS-CSIRS-DMRS 
quasi co-location link
	Behavior A’:

CRS-DMRS 
quasi co-location link
	Behavior B:

(CRS)-CSIRS-DMRS 
quasi co-location link


2.3. EPDCCH-related issues
EPDCCH is also demodulated with DMRS having the same property as that of PDSCH, so it is natural to provide some quasi co-location assumption for EPDCCH as well. One difference from the PDSCH case is that no dynamic signaling is possible for the indication of the quasi co-location information available for the EPDCCH of each UE. Thus, higher layer signaling is a suitable choice for the indication of the quasi co-location assumption in the EPDCCH case. As many EPDCCH parameters like the set of EPDCCH PRB pairs and the EPDCCH transmission type (i.e. localized or distributed EPDCCH) are also configured by higher layer signaling, it is reasonable to consider the EPDCCH quasi co-location assumption as a part of the EPDCCH search space configuration.
With regard to the EPDCCH search space configuration, it was agreed to introduce multiple EPDCCH sets as follows [1]:

Agreements:
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6

· The K sets do not have to all have the same value of N
· The total number of blind decoding attempts is independent from K

· The total blind decoding attempts for a UE should be split into configured K ePDCCH sets

· Each ePDCCH set is configured for either localized ePDCCH or distributed ePDCCH

· The K sets consist of KL sets for localized ePDCCH and KD sets for distributed ePDCCH (where KL or KD can be equal to 0), and not all combinations of KL and KD are necessarily supported for each possible value of K

· Details FFS
· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping.
As observed in the above agreements, different EPDCCH sets can have different characteristics. For example, two EPDCCH sets are configured with one localized EPDCCH set and one distributed EPDCCH set based on the “per EPDCCH set” configuration. In such cases where different EPDCCH sets have different EPDCCH transmission types, it is beneficial if each EPDCCH set is associated with different TP. For example, the distributed EPDCCH set is associated with multiple TPs in order to achieve the inter-TP transmit diversity effect while the localized EPDCCH set is associated with a single TP for the spatial resource reuse. For another example, especially in CoMP scenario 4, the localized EPDCCH set is associated with the closest low-power TP for a better link quality while the distributed EPDCCH set is associated with the high-power TP to provide the fallback operation during the reconfiguration of the localized EPDCCH set caused by the UE mobility. Even when the two EPDCCH sets have the same transmission type, it is still useful to associate the two sets with different TPs because the network can take advantage of the dynamic point selection for the EPDCCH transmissions; the EPDCCH set having a better channel condition is selected for the EPDCCH transmission at each subframe. The companion contribution [4] provides more discussions on these motivations in association with other EPDCCH parameter configurations. From this discussion, we propose that the quasi co-location assumption is configured for each EPDCCH set by higher layer signaling.
As mentioned above, some EPDCCH set may need to be associated with multiple TPs, e.g., for better transmit diversity effect. If the specification allows the assumption that a single antenna port of DMRS is quasi co-located with more than one CSI-RS configurations, i.e., for JT support, then it is straightforward to apply the same principle to the EPDCCH case. However, even when the specification support the quasi co-location assumption only between one DMRS antenna port and one CSI-RS configuration, it is still possible to associate a distributed EPDCCH set with multiple TPs by “per antenna port” quasi co-location assumption. To be specific, a distributed EPDCCH is transmitted over a set of EREGs and each EREG is further partitioned into the two subsets of REs, each of which is demodulated with one of the two DMRS antenna ports. Figure 1 is an example of such “per antenna port” quasi co-location assumption. Because each of the two DMRS ports is associated with different TP by “per antenna port” quasi co-location assumption, it is still possible to exploit the inter-TP transmit diversity in this case.
Proposal 2: Higher layer signaling configures quasi co-location assumption between EPDCCH DMRS and other RS (e.g., CRS, CSI-RS) for each EPDCCH set. It needs to be considered whether different DMRS antenna ports can be quasi co-located with different RS within an EPDCCH set.
[image: image1.emf]DMRS 

port A

Distributed 

EPDCCH

A B A B A B A B

EREG #a

A B A B A B A B

EREG #b

RE

A A A A A A A A

DMRS 

port B

B B B B B B B B

A B

A

B

Quasi co-location 

with TP1

Quasi co-location 

with TP2


Figure 1. An example of “per antenna port” quasi co-location assumption for a distributed EPDCCH.

3. Signaling in DCI including PDSCH rate matching
3.1. PDSCH RE mapping rules
It is decided to signal aggressor cells’ CRS information to UE in FeICIC agenda in RAN1#69 and the LS [5] sent from RAN1 to RAN2/4 clarifies that the “needed information” on CRS interference can be provided from the serving cell via higher layer signalling, i.e.:

· List of cell ID(s)
· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g., the cell MBSFN configuration)
RAN1 also agreed on signaling to indicate the CRS position of at least one cell from which PDSCH transmission may occur. The information is also on the CRS positions of neighboring cells in order to signal PDSCH RE mapping in DL CoMP. In other words, the information required for the purpose of indicating PDSCH RE mapping in DL CoMP is exactly the same in essence what needs to be signaled in order to provide aggressor cells CRS information, which is already agreed upon. Therefore, it is desirable to reuse the signaling format on CRS information which is agreed in FeICIC agenda, as illustrated in Table 2.
Proposal 3: For the purpose of signaling PDSCH mapping in DL CoMP, it is desirable to reuse the signaling format on CRS information such as PCID, number of CRS ports, and MBSFN configuration, agreed in FeICIC agenda.
Table 2. 

	Bit field of PDSCH RM indicator field
	Higher Layer signaling: CRS RM information
	Interpretation



	00
	PCID1
	PDSCH RM around CRS of serving cell (PCID1)
PDSCH EPRE to CRE EPRE ratio for this RM pattern: ρB_00/ρA_00

	01
	PCID2
	PDSCH RM around CRS of 1st cell (PCID2) listed in signaled CRS information
PDSCH EPRE to CRE EPRE ratio for this RM pattern: ρB_01/ρA_01 

	10
	PCID3
	PDSCH RM around CRS of 2nd cell (PCID3) listed in signaled CRS information
PDSCH EPRE to CRE EPRE ratio for this RM pattern: ρB_10/ρA_10

	11
	PCID1, PCID2
	PDSCH RM around CRS of serving cell (PCID1) and 2nd cell (PCID2) listed in signaled CRS information
PDSCH EPRE to CRE EPRE ratio for this RM pattern: ρB_11/ρA_11


By the combination of RRC and dynamic DCI signaling, a serving cell is able to indicate which TPs are transmitting PDSCH dynamically as long as the overhead of dynamic signaling is not that a big burden in terms of physical signaling and specification efforts/complexities in designing/modification of DCIs. More specifically, the serving cell is able to signal which TP(s)’s CRS position is rate-matched for PDSCH mapping. As PDSCH transmitting TP may change, the PDSCH power ratio should also be signaled since the ratio of PDSCH EPRE to CRS EPRE ρB/ρA can be different for different cell, as mentioned in [6]. Hence, we propose that PDSCH RM pattern should also provide PDSCH power ratio as described in Table 2. In addition, considering JT support, rate-matching around up to 3 cells’ CRS positions should be supported. 

Proposal 4: If dynamic indication of PDSCH mapping pattern in combination of RRC and DCIs is introduced, the PDSCH mapping pattern should also provide ratio of PDSCH EPRE to CRS EPRE value.
3.2. Joint encoding for quasi co-location assumptions and PDSCH RM
In the last meeting, it is also agreed that the behavior B for CoMP operation regarding quasi co-location is dynamically indicated via implicit or explicit signaling [1]. So, this information can be jointly encoded with PDSCH RE mapping indication, e.g., adding a column of CSI-RS resource index (which indicates the CSIRS-to-DMRS quasi co-location link) into Table 2.  If CRS-to-CSIRS quasi co-location information is agreed to be introduced as discussed in Section 2.1, the physical cell-ID (PCID) of CRS will be used to indicate the corresponding quasi co-location link to a CSI-RS resource index. This is aligned to the PDSCH RM signaling example of Table 2 with using each cell’s ID for RM purpose. Summarizing, the Table 2 can be updated as Table 3 below to accommodate both PDSCH RM signaling and quasi co-location assumptions including CRS-to-CSIRS quasi co-location link as well:
Table 3. 

	Bit field
	CSIRS-to-DMRS quasi co-location assumption
	CRS RM information
	Flag for CRS-to-CSIRS quasi co-location 

	00
	CSI-RS1
	PCID1
	1 (i.e., CRS1-to-CSIRS1)

	01
	CSI-RS2
	PCID2
	1 (i.e., CRS2-to-CSIRS2)

	10
	CSI-RS3
	PCID3
	0

	11
	CSI-RS1, CSI-RS2
	PCID1, PCID2
	1 (i.e., CRS1-to-CSIRS1
       & CRS2-to-CSIRS2)


In Table 3, the CSIRS-to-DMRS quasi co-location assumption is given for each state, by indicating non-zero-power (NZP) CSI-RS resource index. Also, for each state, the above mentioned CRS RM information including the corresponding PCID is indicated for PDSCH RE mapping pattern information. Since these indications are higher-layer configured information to describe each state, just 1 bit flag for CRS-to-CSIRS quasi co-location information (if it is agreed to be introduced) can be added to indicate whether the simultaneously indicated NZP CSI-RS and CRS (indicated by the PCID for RM purpose) for the state are quasi co-located to each other or not. 
As an example, Table 3 illustrates this flag bit is ‘1’ for states ‘00’ and ‘01’, which respectively indicates CRS1-to-CSIRS1 and CRS2-to-CSIRS2 quasi co-location link. For state ‘10’, the indicated PCID3 may correspond to the ID of neighboring cell operating CoMP scenario 4 in which one of TPs in the neighboring cell transmits the indicated TP-specific CSI-RS3, thus the SFN-transmitted CRS3 (with the PCID3) is not quasi co-located to the TP-specific CSI-RS3, resulting in the flag bit ‘0’ there. For JT support, state ‘11’ can include both CSI-RS1 and CSI-RS2 which represent the corresponding TPs participating in the JT transmission, and also include the corresponding CRS RM indication with PCID1 and PCID2. The flag bit is also ‘1’ to indicate CRS1-to-CSIRS1 (by the signaled PCID1) and CRS2-to-CSIRS2 (by the signaled PCID2) quasi co-location links.
In Table 3, the column regarding “CSIRS-to-DMRS quasi co-location assumption” can include CSI process index instead of NZP CSI-RS resource, but this should be carefully considered since each CSI process consists of not only one NZP CSI-RS resource, but also one IMR configuration. This additional information of a “noise variance” estimate obtained from the configured IMR by the quasi co-location link can be used for receiver filter coefficients to improve receiver performance, but if the network schedules MU-MIMO transmission UE-transparently, the “noise variance” estimate derived from the configured IMR unfortunately mislead the determination of receive filter coefficients. Therefore, if CSI process index is desired to be included in DCI signaling instead of NZP CSI-RS resource index, there should be also an explicit indication of whether the IMR of the CSI process is irrelevant to the quasi co-location information or not.
Signaling of PDSCH starting symbol can also be included in each DCI signaling state above, as discussed in the last meeting [7]. Since the current specification defines the table for possible number of OFDM symbols used for PDCCH [8] (i.e., # of symbols can be 1,2,3 for non-MBSFN subframes, and 1,2 for MBSFN subframes), the PDSCH starting symbol information should be given as two symbol values, i.e., one used for non-MBSFN subframes (1, 2 or 3) and the other for MBSFN subframes (1 or 2). Since this is also RRC-signaled information, there is no big signaling overhead increase for this, while the PDSCH symbol utilization effect is not negligible.
Proposal 5:  The PDSCH starting symbol information is given as two symbol values, i.e., one used for non-MBSFN subframes (1, 2 or 3) and the other for MBSFN subframes (1 or 2).
4. Conclusion
In this contribution we discussed remaining issues for DL CoMP including quasi co-location assumptions and PDSCH rate matching information. The following proposals were given based on the discussion:
Proposal 1: We propose the following UE behavior, applied for all CoMP scenarios, when scheduled by DCI format 1A in MBSFN subframes:
Behavior A’ (scheduled by DCI format 1A in MBSFN subframes in TM10):
CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: 

CRS for the serving cell and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}
Proposal 2: Higher layer signaling configures quasi co-location assumption between EPDCCH DMRS and other RS (e.g., CRS, CSI-RS) for each EPDCCH set. It needs to be considered whether different DMRS antenna ports can be quasi co-located with different RS within an EPDCCH set.
Proposal 3: For the purpose of signaling PDSCH mapping in DL CoMP, it is desirable to reuse the signaling format on CRS information such as PCID, number of CRS ports, and MBSFN configuration, agreed in FeICIC agenda.
Proposal 4: If dynamic indication of PDSCH mapping pattern in combination of RRC and DCIs is introduced, the PDSCH mapping pattern should also provide ratio of PDSCH EPRE to CRS EPRE value.

Proposal 5:  The PDSCH starting symbol information is given as two symbol values, i.e., one used for non-MBSFN subframes (1, 2 or 3) and the other for MBSFN subframes (1 or 2).
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