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1 Introduction

One of the open issues on the PDCCH design is the definition of the payload sizes and the mapping of the different PDCCH formats such as various DL MIMO, UL, D‑BCH, RACH response and paging assignments.

This contribution provides our view on the design principles for the PDCCH payload sizes and the respective PDCCH format mapping taking several important aspects into account.

2 Discussion

Several different PDCCH formats such as various DL MIMO, UL, D‑BCH, RACH response and paging assignments and the combined TPC command need to be supported in LTE. The large number of formats could result in a large number of different payload sizes. Considering additionally, various system bandwidths, which cause different sizes for each individual format across the bandwidths, this effect is even more pronounced.

From the testing effort, the standardization effort and the PDCCH blind decoding standpoint it is undesirable to have such a large number of different PDCCH payload sizes. On the contrary, an excessive reduction to a small number of payload sizes causes a large PDCCH overhead by padding.
3 Proposed design principles

In order to tackle the issues discussed in the previous section, we propose the following principles for the design of PDCCH payload sizes:

(a) Definition of a small number of PDCCH payload sizes across all possible system bandwidths and mapping of the different PDCCH formats for different system bandwidths on the respective sizes

(b) Limitation of the number of required payload sizes a UE has to simultaneously decode

(c) Optimization for the important PDDCH formats and system bandwidths

(d) Removal of unnecessary PDCCH formats

(e) Definition of a reasonable payload size granularity in terms of time-frequency and power resources

(f) Alignment with CCE sizes and appropriate PDCCH code rates

(g) Future proof for potential later extensions in order to maintain a "long term evolution"
4 Initial payload size table proposal
In this section, we show how a payload size table could be defined according to the design principles above. Naturally, an update of the table according to the discussions in RAN1 is desirable.
We are applying the following assumptions and requirements:

· The following DL MIMO modes should be supported [1]:

· Non-MIMO

· Open loop transmit diversity

· SU‑MIMO with 1 and 2 codewords 
· MU-MIMO with 1 codeword

· Beamforming

· The MIMO mode for a UE is semi‑statically configured and, therefore, a UE typically needs to decode only a single MIMO related PDCCH format. SU‑MIMO is an exception due to the dynamic switching between 1 and 2 codeword operation, which is not denoted as mode switching. Therefore, a UE may be required to decode two different PDCCH formats with same payload size.

· In case of SU‑MIMO and MU‑MIMO, we do not assume an explicit indication of the frequency selective Precoding Matrix Index (PMI) if frequency selective precoding is supported. Instead, we assume a similar number of bits as for frequency non‑selective precoding, which can be realized by schemes as proposed in [2]
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[3]. In case the gain from frequency selective precoding is not significant, we prefer to support frequency non‑selective precoding only.
· In UL, only a single mode is supported, since MU-MIMO is transparent to the UE and SU‑MIMO is not supported. It is assumed that the signaling field for the cyclic shifts of the UL RS for MU-MIMO is always present.
· According to the agreement in [4], some DL formats (continuous allocation) should have the same payload size as the UL format.

· The number of bits for the resulting formats as shown in the Annex

· A UE should be required to decode at most two different payload sizes simultaneously

· Optimization for the following assignments: UL, DL (1 TX antenna), DL SU‑MIMO with 2 codewords (2/4 TX antennas)

· DL SU-MIMO and MU-MIMO with continuous allocations may not need to be supported
· Assumed RB sizes for the PDCCH payload design are 6, 15, 25, 50, 75 and 100 RBs according to [5].
According to the assumptions and requirements above, in our view Table 1 provides a good trade‑off between the overhead due to padding and the number of PDCCH payload sizes a UE has to decode simultaneously.

Further, we believe the following aspects are worth considering:

· Mapping of formats onto larger payload sizes as required (e.g. SU‑MIMO 1 codeword) or alternatively compression of formats into smaller payload sizes if the number simultaneous PDDCH decodings per UE can be reduced

· Insertion of additional information bits instead of padding, e.g. insertion of interference PMIs in case of DL MU‑MIMO

· Additional optimized formats, e.g. for DL/UL retransmission assignments in case of persistent allocation [6], which could be mapped onto payload size 1. This should consider the impact on the simultaneous PDDCH decodings per UE.

· Efficient mapping of D‑BCH assignments, RACH response assignments, paging assignments and combined TPC commands
· The final number of different payload sizes a UE needs to decode simultaneously

Table 1. Payload sizes and mapping

	BW
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	RBs
	6
	15
	25
	50
	75
	100

	Payload Size 1

[32 bit]
	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc
	
	
	
	
	

	Payload Size 2

[36 bit]
	DL 1TX
DL 2/4TX SI

DL 2/4TX BF

DL 2/4TX MUc


	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc


	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc
	
	
	

	Payload Size 3

[40 bit]
	DL 2/4TX SU1c

DL 2/4TX MU


	DL 1TX
DL 2/4TX SI

DL 2/4TX BF DL 2/4TX MUc

DL 2TX SU1c
DL 2TX MU
	DL 2/4TX MUc
	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc
	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc
	UL
DL 1TXc

DL 2/4TX SIc

DL 2/4TX BFc

	Payload Size 4

[46 bit]
	DL 2/4TX SU1

DL 2TX SU2c

DL 4TX SU2c

DL 2/4TX SU2
	DL 4TX MU DL 4TX SU1c 

DL 2TX SU1

DL 2/4TX SU2c 

DL 2TX SU2
	DL 2/4TX SU1c

DL 2 TX SU2c
DL 1TX
DL 2/4TX SI

DL 2/4TX BF

DL 2/4TX MU
	DL 2/4TX MUc

DL 2/4TX SU1c
	DL 2/4TX MUc

DL 2/4TX SU1c
	DL 2/4TX MUc

DL 2TX SU1c

	Payload Size 5

[55 bit]
	
	DL 4TX SU1

DL 4TX SU2
	DL 4TX SU2c DL 2/4TX SU1

DL 2/4TX SU2
	DL 2/4TX SU2c

DL 1TX
DL 2/4TX SI

DL 2/4TX BF
	DL 2/4TX SU2c
DL 1TX
DL 2/4TX SI

DL 2/4TX BF
	DL 4TX SU1c

DL 2/4TX SU2c


	Payload Size 6

[66 bit]
	
	
	
	DL 2/4TX MU

DL 2/4TX SU1

DL 2/4TX SU2
	DL 2/4TX MU

DL 2/4TX SU1

DL 2/4TX SU2
	DL 1TX
DL 2/4TX SI

DL 2/4TX BF

	Payload Size 7

[75 bit]
	
	
	
	
	
	DL 2/4TX MU

DL 2/4TX SU1

DL 2/4TX SU2


5 Conclusion

In this contribution we provide our view on the design principles for the PDCCH payload sizes as detailed in section 3. Additionally, we show our current view on PDCCH formats, for which LTE should be optimized for and provide an exemplary payload size table. We suggest to discuss the PDCCH payload sizes based on the mentioned design principles.
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Legend


XXc:	continuous resource allocation


SI:	open loop TX diversity


SUn:	n-codeword SU-MIMO


MU:	MU-MIMO


BF:	beamforming


XXc:	not supported
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