3GPP TSG RAN1 #52bis







    R1-081287
Shenzhen China
March 31 – April 14, 2008
Agenda Item:

6.1.3
Source:


Motorola

Title:


Open Issues on PDCCH Formats and Contents
Document for:

Discussion and Decision
1. Introduction

From Sorrento, [14] described field types and corresponding sizes for each PDCCH DCI format. Some open issues included having one more FDD PDCCH DCI format 1A bit than format 0 such that the payloads where not the same.  Similarly for TDD PDCCH DCI format 0 has one more bit than format 1A.  It is best to have a single payload format to make each of proposed 40 blind detections as efficient as possible.  Another issue was whether to have Format 0 or 1A support single stream spatial multiplexing and whether to use semi-static switching between PDCCH DCI Format 2 (supports 1 and 2 code word spatial multiplexing) and Format 1 (no support of spatial multiplexing) or if Format 1A or 1 supported single stream spatial multiplexing whether to have dynamic instead of semi-static switching between them.  Finally, one issue is whether to have a sub-compact (24-bit including 16-bit CRC) to efficiently support cell edge coverage for PCH/RACH/DBCH grants.
2. FDD PDCCH DCI Format  0 and 1A Payload balancing 

Too balance DCI format 0 and 1A payloads we propose to increase the Format 0 payload by 1 bit to match the payload of Format 1A.  That is, we prefer not to reduce Format 1A payload by 1-bit by either:

· Reducing the RV from 2-bits to 1-bit since this impacts several previous decisions
· Reducing the 5-bit UL MCS field since 5-bits is needed to support 64QAM in UE CC5 
· Eliminating 1-bit DL Distributed/Localized – not desired since needed for DVRB as agreed in Jeju

Instead an extra Format 0 payload bit can be used to balance payload sizes and can be used for:

· Reserve extra bit for LTE Advanced

· Use extra bit (if no agreement to use scrambling, C-RNTI groups, or odd/even subframes) for indicating selected UE transmit antenna for FDD (TDD does not need the bit due to reciprocity) and for non-TX diversity UEs use the bit as an SRS use indicator.

· Use extra bit as SRS use indicator  (PREFERRED)

3. Other Spatial Multiplexing PDCCH Format other than Format 2?
One alternative is to augment format 1 (with a 3 or 4-bits added for PMI) for single-stream transmission instead of format 1A.  Another option for precoding support for format 1A (or 1) is to use a single 'PMI confirmation bit'. Although there would then be 2 more DL bits (FDD Format 1A) than UL bits (FDD Format 0).  Other alternative is to have a separate format 1B based on format 1 or 1A but with larger payload size. Currently, a format 1B solution is preferred but another good solution is to augment format 1 if there is support for this option instead.
4. Semi-static switching between format 1 and 2 is maintained?
Semi-static switching between format 1 and 2 should be sufficient.  It is of course assumed that format 2 (when semi-statically assigned) can also support single-stream transmissions and retransmissions (even if another format e.g. 1A, 1, or 1B also supports them).  Dynamic switching between Format 2 and 1A, 1, or 1B can also be considered if one of those formats supports single stream MIMO.
5. MU-MIMO Special PDCCH Format?

MU-MIMO can be supported by format 2 or with format 1B (see definition in later section) if supported. 
6. TDD PDCCH DCI Format 0 and 1A Payload balancing
Currently there is one more UL bit in TDD Format 0 than DL bits in TDD Format 0 if the "UL index" field is 3-bits which was the upper bound given in Athens.  One choice to align TDD Format 0 and 1A payload sizes is to pick a 2-bit "UL index" field instead of a 3-bit one.  There is more flexibility with a 3-bit "UL index" field but are likely a 2-bit "UL index" field would also work if this ends up being the only way to match the payload sizes.

7. PDCCH: FDD DCI=0 & 1A Definition
PDCCH information field sizes for FDD DCI=0 and 1A formats are given in Table 1 below. 
· SRS Use Indicator - indicates what part of SRS is being used in a given subframe (0-1 bits)
Table 1 – PDCCH DCI Format 0 and 1A
	PDCCH Field
	(bits)

	Format (0 or 1A)
	1

	RA Map
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	TPC
	2

	MCS
	5

	UL Cyclic Shift Indicator
DL HARQ Process ID
	3

	UL CQI/PMI report trigger (1-bit)

Proposed: SRS Use Indicator (1-bit)

DL RV (2-bits)
	2

	NDI
	1

	UL Frequency Hopping (FH)
DL Distributed/Localized
	1

	CRC (masked with UEID)
	16


Table 2 below indicates the total DCI=0 and CSA (DCI=1A) size for a set of FDD bandwidth modes.

Table 2 – Possible PDCCH DCI Format 0, 1A sizes* for given BW modes
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8. PDCCH: TDD DCI=0 & 1A Definition
PDCCH information field sizes for TDD DCI=0 and 1A formats are given in Table 3 below. 
Table 3 - PDCCH DCI Format 0 and 1A

	PDCCH Field
	(bits)

	Format (0 or 1A)
	1

	RA Map
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	TPC
	2

	MCS
	5

	UL Cyclic Shift Indicator (3-bits)

UL CQI/PMI report trigger (1-bit)
DL HARQ Process ID (4-bits)
	4

	TDD: UL index (3-bits) ( (2-bits)
DL RV (2-bits)
	3 ( 2

	NDI
	1

	UL Frequency Hopping (FH)
DL Distributed/Localized
	1

	CRC (masked with UEID)
	16


Table 4 below indicates the total DCI=0 and CSA (DCI=1A) size for a set of TDD bandwidth modes.
Table 4 – Possible PDCCH DCI Format 0, 1A sizes for given BW modes


[image: image4.wmf]BW 

(MHz)

#RBs

RA Map 

Size

FH Enabled 

bit

CRC Size

Total UL 

Grant

1.4

6

5

0

16

36

3

15

7

1

16

39

5

25

9

1

16

41

10

50

11

1

16

43

15

75

12

1

16

44

20

100

13

1

16

45


9. PDCCH:  DCI=4 Definition (24-bit)
To minimize PDCCH CCEs and power boosting required to achieve cell edge coverage for PBCH, PCH, and RACH grants a sub-compact grant size is proposed with only 24-bits including a 16-bit CRC as shown in Table 3 below.
Table 5 – PDCCH DCI Format 4 – Subcompact Grant
	PDCCH Field
	(bits)

	UL/DL RA Map
	4

	UL/DL TPC
	0

	UL CQI/PMI report trigger

DL PMI selection indicator
	0

	UL/DL MCS
	4

	UL Cyclic Shift Indicator
	0

	UL SRS Use Indicator
	0

	UL Tx Antenna Selection
	0

	UL index (TDD only)
	0

	UL/DL NDI:1-bit  RVI: implicit 
	0

	UL FH

DL Distributed/Localized
	0

	CRC (masked with UEID)
	16


10. PDCCH: DCI=1 & 2 Definition
PDCCH information field sizes are given in Table 4 below for PDCCH DCI Format 1.  Although Format 1 is defined for SIMO (Single Antenna Port) and Transmit Diversity it could be extended to single code word closed-loop spatial multiplexing with a single PMI bit selection indicator to indicate if the UE should use its reported PMI and rank or fallback to a default PMI and MCS as described in [9].

Table 6 – PDCCH DCI=1 Format

	PDCCH Field
	(bits)

	Distributed/Localized RA
	1

	RA Map + Type 0/1 Header bit
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	TPC
	2

	PMI selection (single CW) - FFS
	[0-3]

	MCS
	5

	HARQ Process ID
	3

	NDI
	1

	RV
	2

	CRC (masked with UEID)
	16


Table 7 – PDCCH DCI Format 1 Bit Field definition
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PDCCH DCI Format 1 sizes are shown below in Table 5 based on resource allocation Type 0/1.

Table 8 – PDCCH DCI Format 1 size per BW mode
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Since basic MU-MIMO (B_MU-MIMO) only need bits for assigned antenna weights (3-bit PVI in the case of B_MU-MIMO which can also serve as 1-bit PMI) then another PDCCH DCI format 1B is proposed in Table 6 below.  With only a 2-bit difference between format 1 and 1B it may be desirable to merge them into a single format (DCI format 1). RVs are implicitly signaled via reserved MCS entries.
Table 9 – PDCCH Basic MU-MIMO DCI Format 1B Bit Field definition
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Table 10 – PDCCH DCI Format 2

	PDCCH Field
	(bits)

	Distributed/Localized RA
	1

	RA Map + Type 0/1 Header bit
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	TPC
	2

	MCS Codeword 1
	5

	MCS Codeword 2
	5

	NDI + RV Codeword 1
	3

	NDI + RV Codeword 2
	3

	HARQ Process ID
	3

	PMI (4-bits) + FS PMI confirmation
	5

	Number of Layers (Rank)
	2

	HARQ Swap Flag
	1

	CRC (masked with UEID)
	16


Table 11 – PDCCH DCI Format 2 size per BW mode
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Table 12 – PDCCH DCI Format 2 Bit Field definition
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2 Conclusions

Information fields and sizes were proposed for PDCCH DCI Format 0 and 1A for different bandwidth modes.  It is proposed that - 
· The field definitions and sizes described in Table 1 be accepted for PDCCH DCI Format 0 and 1A
· FDD: Add bit to Format 0 for SRS Use indication and to balance format 0 and 1A payload sizes 
· Always have UL CSI in PDCCH Format 1A 
· TDD: If necessary use 2-bit instead of 3-bit “UL Index” to balance DCI format 0 and 1A payload sizes.
· Define subcompact PDCCH DCI Format 4 with size 24-bits (including 16-bit CRC)
Information fields and sizes were proposed for PDCCH DCI Format 1 and 2 for different bandwidth modes.  It is proposed to – 

· A separate PDCCH Format 1B definition is proposed for basic MU-MIMO which requires 2 more bits than Format 1 and which could probably merged into a single format (i.e. Format 1). 5MHz BW: 45-bits
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