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1. Introduction
The work on the study item (SI) on Rel-11 downlink MIMO enhancement [1] has started at RAN1 #65. New network deployment scenarios not considered in MIMO system design in previous releases are included in the SI. The target network deployment scenarios have been discussed via e-mail after RAN1 #65 meeting, where the following four scenarios sorted in order of priority are under consideration in the current version of the document [2].
A. Network with low power RRHs for both outdoor and indoor within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (CoMP Scenario 4). 
B.     Network of only small cells for both outdoor and indoor where the small cells have different cell IDs. 
C.     Network of only low power RRHs for both outdoor and indoor where the transmission/reception points created by the RRHs have the same cell IDs. 
D. Small cells in heterogeneous deployment for both outdoor and indoor coverage (CoMP Scenario 3 with no inter-cell coordination) where low-power RRHs in macrocell coverage area have different Cell ID from the macro cell.
Distinguished from the large cell co-located antenna scenario having been focused on in previous releases, the small cell co-located antenna scenarios (scenario B and D) and distributed antenna scenarios (scenario A and C) will be focused in Rel-11. In this contribution, several consideration points to optimize performance on scenario A are presented. 
2. Point allocation for PDSCH transmission
In scenario A, UE may receive PDSCH from one or multiple transmission points (TPs). The PDSCH transmitting point set can be changed either semi-statically or dynamically. Noting that the use of UE-specific RS makes the PDSCH transmitting point set be transparent to UE, no control signalling for the change of PDSCH transmitting point set is required for both dynamic and semi-static allocation cases. From above observation, we evaluated system level performances of following four cases, where path loss between each UE and each point within a cell was assumed to be known by eNB. Simulation assumptions and environments are attached in appendix.
· Case 1: A single TP transmits a PDSCH to a UE at a given resource. The TP may change semi-statically.

· Case 2: A single TP transmits a PDSCH to a UE at a given resource while the TP may change dynamically. 

· Case 3: Multiple TPs may transmit a PDSCH to a UE at a given resource. The TPs may change semi-statically.

· Case 4: Multiple TPs may transmit a PDSCH to a UE at a given resource while the TPs may change dynamically.

Table 1 and 2 show evaluation results, where 4 RRHs and 10 RRHs exist within a cell, respectively. For cell edge UE, considerable performance gain of dynamic TP allocation over semi-static TP allocation and multiple TP allocation over single TP allocation are observed. In order to optimize edge UE performance on scenario A, accordingly, dynamic multiple TP allocation is preferred. 

Table 1: Evaluation results in case of 4 RRHs 
	
	Case 1 

(Semi-static single)
	Case 2

(Dynamic single)
	Case 3

(Semi-static multi)
	Case 4

(Dynamic multi)

	Spectral efficiency (bps/Hz/sector) 
	15.68
	15.52
	15.62
	15.78

	Relative spectral efficiency over case 1
	0%
	-1.0%
	-0.4%
	0.6%

	Edge throughput
(bps/Hz)
	0.1256
	0.1320
	0.1330
	0.1534

	Relative edge throughput over case 1
	0%
	5.1%
	5.9%
	22.1%


Table 2: Evaluation results in case of 10 RRHs
	
	Case 1 

(Semi-static single)
	Case 2

(Dynamic single)
	Case 3

(Semi-static multi)
	Case 4

(Dynamic multi)

	Spectral efficiency (bps/Hz/sector) 
	19.30
	18.80
	19.18
	19.76

	Relative spectral efficiency over case 1
	0%
	-2.6%
	-0.6%
	2.4%

	Edge throughput

(bps/Hz)
	0.1350
	0.1524
	0.1622
	0.1846

	Relative edge throughput over case 1
	0%
	12.9%
	20.1%
	36.7%


Observation 1: In order to optimize edge UE performance on scenario A, dynamic multiple TP allocation is preferred.
3. Point transparency in CSI measurement
As mentioned in section 2, the PDSCH transmitting point set is transparent to UE. From the viewpoint of CSI measurement and report, however, point can be either transparent or non-transparent to UE. In other words, UE can or cannot distinguish the CSI-RS transmitting points from the CSI-RS pattern(s) configured UE-specifically by RRC.  We can consider the following three options related to the CSI-RS allocation.
· Option 1: Single CSI-RS pattern indication without identifying different CSI-RS ports are allocated to different points

· Option 2: Single CSI-RS pattern indication with identifying different CSI-RS ports are allocated to different points

· Option 3: Multiple CSI-RS pattern indication. Different CSI-RS pattern belongs to different points
Option 1 corresponds to the case where the CSI-RS transmitting point set is transparent to UE while option 2 and 3 correspond to the non-transparent case. Figure 1(a) and 1(b) shows examples applying option 2 and option 3, respectively.
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Figure 1: Examples of CSI-RS operational options
4. CSI feedback
From CSI feedback perspective, Rel-10 CSI feedback could be reused without modification in option 1 among the three options in section 3. In option 1, however, dynamic TP allocation is hardly applied because eNB cannot estimate individual CSI from the overall CSI. For example, per-point CQI cannot be estimated from the overall CQI. Accordingly in option 1, eNB shall equalize the PDSCH transmitting point set with the CSI-RS transmitting point set. As a result, semi-static TP allocation is only enabled.
In option 2 and option 3, on the other hand, UE is able to provide information required for eNB to transmit a PDSCH with any subset of the CSI-RS transmitting point set. Thus, dynamic TP allocation can be enabled in option 2 and option 3.
The feedback information supporting dynamic TP allocation may include multiple sets of Rel-10 CSI. For dynamic single TP allocation, for example, UE can report PMI, CQI, and RI for every point belonging to the configured CSI-RS transmitting point set. To enable multiple TP allocation, additional information besides the per-point CSI is required for eNB. We can consider the following two approaches to compose the additional feedback information.
· Approach 1: Point subset CSI feedback
· Approach 2: Phase correction value(s) with corresponding CQI and RI
In approach 1, UE reports PMI, CQI, and RI corresponding to possible point subsets of the configured CSI-RS transmitting point set. Meanwhile, UE does not report subset PMI if cardinality of the subset is greater than one in approach 2. Instead, phase correction value(s) is reported for eNB to combine individual per-point PMIs together coherently. The phase correction value is needed because phase of the first row of all PMIs is set to zero, in other words, the per-point PMIs cannot express the preferred phase difference between points. CQI and RI can be measured and reported by assuming the reported phase correction value is applied. Table 3 shows examples of the two alternatives. Differently from approach 2, approach 1 does not need to introduce any new feedback element other than PMI, CQI, and RI. However, there is invalid point subset according to the aggregated number of CSI-RS ports. If one point is configured with a single antenna port and another point is configured with two antenna ports, for example, then no PMI can be defined for the aggregated points unless codebook for three transmit antennas are newly defined. 
Table 3: Example of the two alternatives
	
	CSI feedback in the example of figure 1(a)
	CSI feedback in the example of figure 1(b)

	Approach 1
	· PMI, CQI, and RI for port set {15, 16}
· PMI, CQI, and RI for port set {17, 18}
· PMI, CQI, and RI for port set {15, 16, 17, 18} 
	· PMI, CQI, and RI for configuration A

· PMI, CQI, and RI for configuration B

· PMI, CQI, and RI for the aggregated CSI-RS ports of configuration A and B.

	Approach 2
	· PMI, CQI, and RI for port set {15, 16}
· PMI, CQI, and RI for port set {17, 18}
· Phase correction value between different points
· CQI and RI for port set {15, 16, 17, 18} by assuming application of the phase correction value
	· PMI, CQI, and RI for configuration A

· PMI, CQI, and RI for configuration B

· Phase correction value between different points
· CQI and RI for configuration A and B by assuming application of the phase correction value


Feedback overhead reduction scheme can be studied further.
Observation 2: To support dynamic TP allocation, UE ability to distinguish points is needed in the CSI measurement and report procedure. 
Observation 3: To support dynamic multiple TP allocation, inclusion of either phase correction value or point subset PMI as feedback contents is preferred.
5. Summary
In this contribution, we discussed on CSI feedback for scenario A. The observations from the discussions are as follows:

· In order to optimize edge performance on scenario A, dynamic multiple TP allocation is preferred.

· To support dynamic TP allocation, UE ability to distinguish points is needed in the CSI measurement and report procedure. 
· To support dynamic multiple TP allocation, inclusion of either phase correction value or point subset PMI as feedback contents is preferred.
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Appendix 
The following table shows simulation assumptions. For dynamic single/multiple TP allocations, the per-point/per-point-subset CSI feedback approaches described in section 4 were applied respectively.
	Parameters
	Assumption

	Channel model
	ITU UMa/UMi

	System BW 
	10MHz (FDD)

	Number of UEs per sector 
	30 (Configuration #4b)

	Number of TPs per sector
	1 high power Macro + 4 or 10 low power RRHs

	Number of tx antennas at TP 
	2

	Number of tx antennas at UE
	2

	Maximum number of measurement set
	3

	Tx node selection RSRP threshold
	Optimized among 3,5,7,10, and 15dB

	Maximum number of PDSCH transmitting points for a UE
	2

	Antenna configuration 
	Cross-polarized for eNB, RRH, and UE

	Transmission scheme
	SU-MIMO 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	Chase combining

	Feedback and control channel errors 
	No error 

	UE speed
	3Km/h 

	Traffic load 
	Full buffer

	Maximum rank per UE 
	2

	PMI feedback 
	Rel-10 LTE codebook 

	Feedback delay
	3ms

	Feedback reporting period
	10ms (similar to PUSCH 3-2)

	Feedback granularity
	Subband CQI/PMI per 6 RBs
Wideband RI,

	DL overhead assumption 
	2 OFDM symbols for PDCCH + UE-specific RS (same as Rel-10 PDSCH transmission in MBSFN subframes)



































































































































