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1 Introduction 
In RAN #66bis meeting, DL control signaling modifications required to support CoMP have been discussed [1-5]. One outstanding issue is whether CoMP transmission should be transparent or non-transparent particularly for DPS and JT involving transmission points with different Cell IDs. In non-transparent approach, DL control signaling can be used to address PDSCH RE mapping and/or PDSCH/CRS collision problem. In this document, we discuss the PDSCH RE mapping and CRS pattern indication for multi-cell JP CoMP. 
2 Discussion

2.1 PDSCH RE mapping for multi-cell JP 
In transparent CoMP, the PDSCH RE mapping follows the subframe of the anchor cell from which the UE receives PDCCH. As discussed extensively, if CoMP transmission involves transmission points with different Cell IDs, such transparent CoMP leads to a loss of spectral efficiency due to different CRS patterns between the anchor cell and other transmitting cells [1-5]. 
In case of DPS, a non-transparent approach, where the PDSCH mapping is done according to the actual transmitting point, supported by dynamic indication, avoids the waste of resources due to different CRS configurations, i.e., CRS ports and frequency shifts. In case of JT, the PDSCH RE mapping problem is a bit more complex. The DM RS based demodulation of PDSCH requires the same set of CoMP transmitting points between DM RS REs and data REs. However, the CRS pattern mismatch results in a mismatch of the transmission points that are simultaneous transmitting PDSCH at some REs. If those REs are mapped to PDSCH, the interference resulting from the PDSCH/CRS collision can lead to a non-negligible performance loss [6]. 

The problem of PDSCH RE corruption by the CRS of the transmitting cells can be dealt with two approaches [7][8]: (1) PDSCH mapping where the corrupted REs are simply omitted in PDSCH RE mapping or (2) PDSCH mapping where the corrupted REs are mapped to PDSCH REs and the UE performs CRS interference cancellation or puncturing [9]. Both approaches assume on the availability of some knowledge of interfering CRS patterns of the potential transmission points or currently transmitting points at the UE side. Alternatively, an agnostic approach may omit the whole OFDM symbols containing CRS in PDSCH RE mapping at the expense of a loss of ‘normal’ REs.
2.2 Indication of PDSCH RE mapping assuming UE Rx based CRS cancellation/puncturing
In this approach, it is assumed that the UE performs CRS cancellation or puncturing and the eNB indicates the PDSCH RE mapping pattern corresponding to one transmission point. The PDSCH mapping is indicated using RRC configuration and DCI signaling. In RRC configuration, the eNB configures multi PDSCH RE mapping patterns taking into account the CRS configurations of potential transmission points. Information on the number of CRS ports and the frequency shift (vshift) can be used to define a PDSCH RE mapping pattern and additionally, the cell IDs of the transmission points can be included to assist UE side CRS cancellation. In DCI signaling, the eNB indicates one of the RRC configured PDSCH RE mapping patterns to be used in the subframe where the DCI is transmitted. Since the UE is not aware of the configuration of the MBSFN subframes of the non-anchor cells (Here anchor cell is defined as a serving cell from which the UE receives PDCCH), the RRC configured PDSCH mapping patterns may include the PDSCH mapping corresponding to the MBSFN subframe. 
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Fig. 1: PDSCH mapping/muting patterns

For example, the RRC configured PDSCH RE patterns can correspond to the four patterns shown in Fig. 1. In DCI, two bits can dynamically indicate which one of the four patterns is used for PDSCH RE mapping. Assuming the number of potential transmission points ≤ 3, this approach can cover all the possible mapping patterns for DPS still managing a small overhead of 2 bits in DCI. The same DCI bits can be used to indicate the PDSCH RE mapping for JT.  In a generalized JT, the transmitting points may not always include the anchor cell. If the PDSCH mapping is fixed to correspond to the anchor cell, when the anchor cell is not an actual transmission point it can incur loss of resources due to CRS pattern mismatch. Thus, there is a need for dynamic indication of the PDSCH mapping in both DPS and JT.
The RRC + DCI signaling approach has relatively small DCI overhead: By setting the RRC configured PDSCH mapping patterns taking into account the CRS configurations of the neighboring cells of the UE, the bit-width required in DCI for dynamic indication can be made as small as 2 bits if the number of the CoMP transmission points ≤ 3.
It was shown that the interference of CRS of the transmission points leads to a non-negligible performance loss [6]. However, the PDSCH mapping indication scheme above does not inform the UE of which points are transmitting in the current subframe. If the UE wants to employ CRS interference cancellation, the UE needs to detect and cancel any CRS patterns of the potential transmission points to mitigate the performance loss caused by CRS interference. If the number of potential transmission points is small ~ 3, such CRS interference cancellation may not accompany much implementation complexity. Also the UE may use RE puncturing for the corrupted REs instead of using CRS interference cancellation for a reduced complexity.
2.3 Indication of muting patterns at the transmitter side
In this approach, the corrupted REs are not included in PDSCH RE mapping. In RRC configuration, the eNB configures multi CRS patterns taking into account the CRS configurations of the potential transmission points. The number of CRS ports and the frequency shift (vshift) can be used to define a CRS pattern. In DCI signaling, the eNB indicates the presence or absence of each of the configured CRS patterns. The UE interprets the DCI indicated CRS patterns as muting patterns at the transmission side; any REs in collision with any CRS patterns of the currently transmitting points are muted (excluded from the PDSCH RE mapping).
For example, the eNB may configure through RRC signaling the three CRS patterns (b), (c), and (d) in Fig. 1. In DCI, a bitmap consisting of three bits indicates the presence or absence of each configured CRS pattern as shown in Table 1. 

Table 1  Muting pattern indication by DCI
	Bitmap (a, b, c)
	Muting pattern

	(0 0 0)
	MBSFN subframe (no CRS)

	(1 0 0)
	Pattern #1

	(0 1 0)
	Pattern #2

	(0 0 1)
	Pattern #3

	(1 1 0)
	Patterns #1, #2

	…..
	

	(1 1 1)
	Patterns #1, #2, #3


2.4 Unified DCI for DPS and JT
A unified DCI supporting both DPS and JT can be designed using the same set of RRC signaling and DCI indication. An obvious benefit of the unified DCI is that it allows dynamic switching between DPS and JT. 

One possible way of PDSCH mapping in JP is that PDSCH is always mapped according to the anchor cell setting. However, this approach is not preferred for the following reasons. First, this approach does not allow for dynamic switching between the JT and DPS because PDSCH mapping needs to change dynamically according to the transmission point in case of DPS. Second, it may not be efficient in terms of performance even for JT alone. For instance, the transmitting points may not always include the anchor cell. When the anchor cell is not an actual transmission point it can incur a loss of resources due to CRS pattern mismatch.
It needs to be further studied whether the corrupted REs should be mapped to PDSCH or not. If the corrupted RE are not mapped to PDSCH, the muting pattern can be signaled to the UE in a non-transparent approach or the entire OFDM symbols containing the corrupted REs can be omitted in PDSCH mapping in a transparent approach. It is noted that because the muting patterns correspond to interfering CRS patterns, the indication of RE muting patterns and interfering CRS patterns of the transmitting cells can be done using the same signaling.

3 Conclusion
In conclusion, we propose the followings for DL control signaling to support multi-cell JP CoMP.
Proposal 1: The UE is dynamically indicated of PDSCH RE mapping/muting patterns.
Proposal 2: Consider joint RRC and DCI signaling for the indication of PDSCH RE mapping/muting patterns.
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