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1 Introduction
In 48bis RAN1 meeting, the below bullet points related to the CCH was agreed and they should be considered in the design of PDCCH [1]. 
· CCE size
· Size should be a multiple of 6

· 36 REs (for 5 MHz case)

· Aggregation of CCEs
· 1, 2, 4, 8 CCEs aggregated, resulting in code rates of approx. 2/3, 1/3, 1/6, 1/12

· need for aggregation of  3 CCEs is FFS

· Payload sizes?

· approx 40 bits (including CRC) in 5 MHz (non-MIMO)

· Possibly different sizes for UL grant, DL assignment (non-MIMO), and DL assignment (MIMO), etc (if agreed)
· Modulation order for DL CCH
· QPSK
Moreover, the below bullet points related to MIMO was also agreed and they should be considered in the design of DL CCH [2] [3].

· DL signalling supports for Node B’s overriding the rank reported from the UE.

· Up to two codewords can be transmitted to a UE configured to be in SU-MIMO transmission.
· Full flexibility for mapping between HARQ process number (ID) and codeword.
· Only one layer (in other words, only transmission rank of one) is allocated to a UE configured to be in MU-MIMO transmission.
· The PMI granularity has two options.
· 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
Note: definition of “subset” depends on e.g. the feedback report optimization scheme or the configured reporting band (due to e.g. fractional frequency reuse) etc.
In this regard, we introduce the design of DL CCHs for SIMO, SU-MIMO, and MU-MIMO in this document. In addition, this contribution explains the distinction of CCH formats for SIMO, SU-MIMO, and MU-MIMO.
2 DL L1/L2 Control channel design for MIMO
When control channel format for MIMO is designed, the payload size of control channel for MIMO is different from that for SIMO because the control channel for MIMO has additional bits of control information fields. Moreover, control channels for SIMO, SU-MIMO, and MU-MIMO are mapped to the same CCE unit to support easy blind detection of control channels [1]. Table 1 shows the required control information bits for SIMO, SU-MIMO, and MU-MIMO considering the agreed working assumptions. The Control information fields of CCHs should be optimized to be mapped a same CCE unit and support the effective code rate for the CCE unit [1].
Table 1. Required information bits for CCHs (5, 10, and 20MHz).
	Control Information field
	SIMO
	SU-MIMO
	MU-MIMO

	RA
	18 (5MHz)

28 (10MHz)

37 (20MHz)
	18 (5MHz)

28 (10MHz)

37 (20MHz)
	18 (5MHz)

28 (10MHz)

37 (20MHz)

	MIMO information
	-
	α
	α'

	MCS
	5
	8
	5

	HARQ process number
	3
	 8( β(4 to 6)
	3

	RV
	2
	4
	2

	NDI
	1
	2
	1

	CRC (UE ID)
	16
	16
	16

	Total information bits
	45 (5MHz)

55 (10MHz)

64 (20MHz)
	56 + α
66 + α
75 + α
	45 + α'
55 + α'
64 + α'


2.1 RA (Resource Assignment)
The maximum size of RA is agreed as follows [4]. Under the assumption that the UE only needs to at most detect a single downlink grant for full bandwidth allocation,  then the maximum number of bits for the downlink resource allocation map field in the PDCCH is (set A):


18-bits for 5 MHz


28-bits for 10 MHz


37-bits for 20 MHz

It is FFS whether the number of bits for the downlink resource allocation map field in the PDCCH can be reduced to (set B):


16-bits for 5 MHz 


22-bits for 10 MHz


28-bits for 20 MHz

without causing significant loss of flexibility or performance relative to what can be achieved using set A. Also for FFS is to use bandwidth splitting techniques for even further reductions in map field sizes (e.g. 14, 15, 16 bits for 5, 10, 20 MHz respectively).
2.2 MCS (Transport format)

In the case of SIMO and MU-MIMO, the size of MCS is proposed to 4 or 5bits and in the case of SU-MIMO, the size of MCS is proposed to 8bits [5]
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[6]. When the size of MCS is decided, we can optimize the sizes appropriately considering the trade-off relation between performance and overhead.

2.3 HARQ-related control signals
Asynchronous adaptive HARQ is operated for Downlink-Shared Channel (DL-SCH). In addition, downlink hybrid ARQ (HARQ) should be based on Incremental Redundancy (IR) and the N-channel Stop-and-Wait protocol is used for downlink HARQ [7]. Asynchronous HARQ implies that (re)transmissions for a certain HARQ process may occur at any time. Explicit signalling of the HARQ process number is therefore required. Adaptive implies the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmissions (e.g. due to changes in the radio conditions). Hence, the associated control information needs to be transmitted with the retransmission. The changes considered are: modulation, resource block allocation, duration of transmission, etc [7]. The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet [7]. Consequently, control signals related to asynchronous adaptive IR HARQ consist of ‘HARQ process number’, ‘Redundancy version’, and ‘New data indicator’ as shown Table 2. Also, it is FFS whether ‘NDI’ is used explicitly or implicitly. If we use RV=0 to clear the soft buffer and other values of RV represent soft combining, NDI can be denoted implicitly but it can cause the operation of the CB RM algorithm to restrict.
Table 2. HARQ-related control information (SIMO, MU-MIMO) [7] 
	Control information
	Size
	Comment

	HARQ process number
	3bits
	To support asynchronous HARQ (6 to 8 HARQ processes [8])

	Redundancy version (RV)
	2bits
	To support IR (4 types of redundancy version [8])

	New data indicator (NDI)
	1bit
	To indicate whether new data transmission or retransmission


2.3.1 Redundancy Version and NDI for SU-MIMO
In the case of SU-MIMO, the size of the control information fields related HARQ should increase more than in the case of SIMO because SU-MIMO supports to transmit dual independent streams to a UE [2]. To be specific, the sizes of RV and NDI become double because each codeword has RV and NDI respectively. In other word, each stream transmitted at the same time should have different RV and NDI from the other to indicate the state of each stream. Also, it is FFS whether NDI is denoted explicitly or not.
Table 3. RV and NDI for SU-MIMO
	Control information
	Size
	Comment

	Redundancy version (RV)
	4bits
	To support IR (2bits per a stream)

	New data indicator (NDI)
	2bit
	To indicate whether new data transmission or retransmission (1bit per a stream)


2.3.2 HARQ process number for SU-MIMO
If the number of HARQ processes for SIMO and MU-MIMO is 6, 7, or 8, the number of HARQ processes for SU-MIMO also becomes 12, 14, or 16 because up to two streams can be transmitted simultaneously [2]. In those cases, 8bits are required to signal HARQ process number for SU-MIMO to support the full flexibility of mapping between codeword and layer. As a result of that, the required amount of control signalling for HARQ processes will increase significantly. In this regard, the method of reducing control signal overhead is needed. When we decide the size of HARQ process number for SU-MIMO, we should consider the below points:

· Number of HARQ processes

· Degree of flexibility of mapping between codeword and layer

We can reduce the size of HARQ process number to 4 to 6 bits as the signalling overhead and the flexibility are manipulated properly according to the available bits size in CCH. The trade-off between control signal overhead and the degree of the flexibility of mapping between codeword and layer should be considered carefully when the bit amount of HARQ process number is decided.
Table 4. Proposed HARQ process number for SU-MIMO
	Control information
	Size (β)
	Comment

	HARQ process number
	4 to 6bits
	To support asynchronous HARQ


2.4 MIMO-related control signals
When sub-band PMI granularity is operated, the total size of MIMO information is be variable according to the resource assignment. Moreover, the overhead of MIMO information is too much to be indicated in a CCH and Table 5 is an example that is MIMO information which can be denoted in PDCCH. In this regard, the overhead of MIMO information in PDCCH should be reduced. The methods to reduce the control signals related to MIMO were proposed in the last RAN1 meeting as shown in Table 6. Furthermore, we need to consider the contents of MIMO information for SU-MIMO and MU-MIMO FFS.
Table 5. Example of MIMO information (4Tx, 5RB PMI granularity)
	BW
	Size of transmission rank (layer) message
	Size of PMI message

	5MHz
	2bits
	20bits

	10MHz
	2bits
	40bits

	20MHz
	2bits
	80bits


Table 6. Proposed MIMO-related control signal formats for PDCCH
	TDoc #
	Size
	Comment

	R1-072697
	5bits
	‣ 4-bit field: MCS CW2 or PMI
‣ 1-bit field: a 1-bit PMI selection bit as described in [R1-073077]

	R1-072752
	2bits(2Tx)/ 6bits(4Tx)
	‣ downlink precoding information is one of the bandwidth agnostic information

	R1-072905
	3~8bits
	‣ 1~2bits: Precoding rank

‣ 1 bit: Precoding granularity (whole-band/sub-band)

‣ 1~5 bits: Precoding matrix indicator for the primary RB

‣ 0 ~120 bits: Precoding matrix indicator for all secondary RB
(not PDCCH)

	R1-073110
	6bits
	‣ 64 MIMO information combinations

	R1-073482
	2bits
	‣ Number of transmission rank indication for OL
‣ 4 types of MIMO information for CL


3 Conclusion
In this contribution, we investigate the required DL L1/L2 control channel information fields and their sizes. Based on the discussion above, it is rational that the design of DL L1/L2 CCHs can be established on the follows.
· The payload size of control channel for MIMO is different from that for SIMO.
· The sizes of control channels should be optimized to be mapped on a same CCE unit and reduce the control channel overhead and guarantee the reliable transmission. The fields considered for optimization are:
· RA 

· MCS

· MIMO information

· HARQ process number

· NDI

· In SU-MIMO case, HARQ-related control signals should be designed to support asynchronous adaptive HARQ.

· The degree of flexibility for mapping between codeword and layer should be manipulated properly.
· The sizes of RV and NDI become double sizes of RV and NDI in SIMO and MU-MIMO cases.
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