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1. Introduction
In RAN1 # 48 agreed to the following way forward for the rank and Precoding Matrix Index(PMI) reporting needs:

· UE reports a single rank report.
· Number of RBs represented by a single precoding report
· 1.25/1.6/2.5MHz: whole or subset of RBs
· 5/10/15/20MHz: order of 5 (e.g. 4, 5, or 6) adjacent RBs (exact single value to be decided in relation to the CQI discussion) / whole or subset of RBs
In general, eNodeB should feed forward rank and PMI information for the scheduled UE using open-loop or precoding scheme for the purpose of UE feedback error check and network rank overriding. According to the current working assumption, UE specific rank information size can be fixed. On the other hand, UE specific PMI information size can be varying according to the number of allocated RBs if the small PMI feedback granularity (e.g., 5RBs) is assumed.
When it comes to downlink signalling, we can simply consider that the UE specific rank and PMI can be informed by using PDCCH (L1/L2 control channel) and the maximum number of PMI feedforward size can be reserved in the PDCCH for the sake of the blind decoding complexity. However, if we take the maximum size of PDCCH (i.e., 3 OFDM symbol) into account, it seems that PDCCH is not appropriate for informing PMI information to UE since it may waste a lot of resources in the PDCCH and lead to limiting maximum number of scheduled UE in a TTI, thus resulting in loss of multi-user scheduling gain. Furthermore, explicit indication of overriding rank and precoding matrix in PDCCH would bring out the identical problem because rank and precoding matrix requires at least 6 bits expression in case of 4Tx scheme.
In this contribution, we study the PDCCH design for SU-MIMO to avoid the above problems and verify the performance of proposed scheme according to the feedback error under the 4Tx-2Rx SU-MIMO scenario.

2. PDCCH design for SU-MIMO
In this section, we design the bit field for SU-MIMO in PDCCH. When it comes to PDCCH design, we prefer the same size bit field for both open-loop and close-loop SU-MIMO to reduce the blind decoding complexity. We propose the bit field to compose both open-loop and close-loop SU-MIMO as in the following table 1.
Table 1.  Bit field definitions for SU-MIMO in PDCCH
	2Bits
	Open-Loop
	Closed-Loop

	00
	Rank 1
	Confirm the most recent reported information

	01
	Rank 2
	Reuse earlier reported information

	10
	Rank 3
	Switch to default MIMO mode

	11
	Rank 4
	Assign dedicated control channel


2.1. Open-Loop SU-MIMO
For open-loop MIMO, rank information is essentially required. According to [12], change of rank is occurred more frequently at UE speed higher. When eNodeB does not inform any message to confirm used rank, significant performance loss could be resulted from the effect of rank mismatch between eNodeB and UE. Therefore, it is desirable that rank information is informed explicitly in PDCCH for open-loop operation.
As shown in table 1, two bits could be considered to inform the rank information for both 2 and 4 transmit antenna. This 2bits to reflect full rank could be used for the purpose of rank adaptation, UE feedback error check and network rank overriding.
2.2. Close-Loop SU-MIMO
For the closed-loop MIMO, not only rank information but PMI is reported to eNodeB. Unlike open-loop MIMO, closed-loop MIMO would be considered for low mobility UE. In [12], rank adaptation occurs less frequently than change of PMI on low mobility environment. If rank information is perfectly reported to eNodeB and selected rank is confirmed between eNodeB and UE, 2bits to indicate only rank information would be wasteful field during keeping used rank. 
In [10, 11], special message to confirm reported information is considered for the purpose to reduce the information of used subband PMI. Especially in [11], it was proposed that previous reported information is used instead of the most recently reported information when the feedback error occurred. It seems reasonable to adopt previous information since according to the result of [13], even if UE reports the CQI and PMI information non-frequently, its performance loss is not significant in both 2-tx and 4-tx antenna cases. 
 In [11], additional bits into PDCCH are suggested to inform overridden rank and precoding matrix. However, since rank or precoding matrix overriding seems a rare event, the additional bits would be unused almost time. Therefore, it is reasonable to leave an indication bit in PDCCH and configure another channel such as dedicated control channel in [7] to inform the details. 
For such reasons, as shown in table 1, we propose the bit field for close-loop SU-MIMO. 
· 00 : eNodeB fully accepted the most resent reported information. 
· 01 : eNodeB adopted one-earlier feedback information.

· 10 : eNodeB attempted to switch to default mode which is pre-defined.
· 11 : eNodeB assigned dedicated control channel for overridden information.
  When feedback error is detected, eNodeB could select previously reported information. In that case, we consider only just before reported information. And when consecutive feedback errors are occurred, eNodeB attempted to temporally switch to default mode. It is needed to discuss about “Default Mode.” We carefully consider that MIMO mode used for PDCCH is permissible.
3. Simulation Assumptions and Results
This section presents the simulation assumption and results of the link level simulation. The simulation assumption has been aligned to Table 2. 
Table 2. Simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource Allocation
	Localized Mode

	Channel Models
	6-ray TU  and ITU-Ped A

	Mobile Speed (km/h)
	3 km/h, 15 km/h

	Channel Estimation
	Perfect channel estimation

	Modulation and Coding Rate for data
	QPSK (1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 5/9, 5/8, 7/10, 3/4)

16QAM (4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64QAM (3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

	Coding Type
	3GPP Turbo Code

	Antenna configuration
	4 transmitter and 2 receiver (4Tx, 2Rx)

	Codebook scheme
	4Tx rank 1 and 2 codebook [14]

	Used Resource for Data
	2RBs ( 12subcarriers per RB )

	Frequency granularity for PMI feedback
	4RBs

	Frequency granularity for CQI feedback
	2RBs

	Feedback Period
	(CQI, PMI)
	(6, 12) TTI [13]

	Feedback Error Rate
	CQI
	Perfect, 1%, 10%

	
	PMI
	Perfect, 1%, 10%


First of all, to check the need of confirmation message, we observe the effect of feedback error. In this simulation, we assume that CQI had been perfectly reported from UE and only PMI had 0%, 1% and 10% feedback error rate. And NodeB adopted the reported CQI and PMI without any confirmation message to UE.
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Figure 1. Link throughput according to feedback error (No confirm, Rank 1)
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Figure 2. Link throughput according to feedback error (No confirm, Rank 2)

Taking into account link performance shown in Figure 1 and 2, it can be seen that significant throughput loss according to feedback error when eNodeB dose not use any downlink confirmation. 
· About 5% performance loss on feedback information with 1% feedback error
· About 40% performance loss on feedback information with 10% feedback error
We investigate the link level simulation to check whether confirming message for PMI is necessary and whether only one previous information rather than several previous information can overcome effect from the feedback error. In this simulation, we assumed that CQI and PMI have feedback errors while rank information is perfectly reported. We didn’t consider rank adaptation. When NodeB found feedback error of CQI and PMI, one step earlier reported information of CQI and PMI was used instead of most resent information. We employ the fixed precoding in the same rank as default mode when consecutive feedback errors happen. 
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Figure 3. Link throughput according to feedback error (Reuse earlier reported information, Rank 1)
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Figure 4. Link throughput according to feedback error (Reuse earlier reported information, Rank 2)

As shown in Figure 3 and 4, the confirming scheme surpasses the non-confirming scheme from a view point of throughput at a cost of only 2bit addition in PDCCH.
4. Conclusion
To inform the DL Tx configuration under SU-MIMO scheme, the suggestions for PDCCH design are summarized as follows:
1. Additional 2 bits are enough to inform the rank and precoding matrix for both OL- and CL-MIMO scheme.
2. The implications under OL or CL-MIMO  are as follows,
	2Bits
	Open-Loop
	Closed-Loop

	00
	Rank 1
	Confirm the most recent reported information

	01
	Rank 2
	Reuse earlier reported information

	10
	Rank 3
	Switch to default MIMO mode

	11
	Rank 4
	Assign dedicated control channel


3. Default MIMO mode is FFS. Fixed precoding or SFBC could be a solution.
4. If system requires the overriding Tx scheme such as rank and/or precoding matrix, it is desirable to use data region without increase of overhead in PDCCH since maintaining the PDCCH format fixed is preferable for blind decoding complexity.
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