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1
Introduction
In this document, we discuss the following issues relevant for PDCCH

· Range of payload

· Number of coding formats

· Multiplexing within subframe

· Open issues with coding and modulation chain
2
PDCCH Payload

From a broad perspective, the PDCCH payload can be split into two parts:

· Bandwidth dependent

· Signaling of UL/DL resources
· Bandwidth agnostic

· MCS / transport block sizes

· HARQ (NDI, RV version)
· MIMO dependent

· Number of codewords

· Open loop vs. Closed loop TxD

· TPC commands

2.1
Bandwidth Dependent Information

As stated in [2], the total number of VRBs has a large dynamic range in E-UTRA:

· Nominal range is from 6 to 100

· Corresponding to “1.25” and “20” MHz numerologies

· The exact range is from 6 to 110 according to TS 36.211

From the conclusions in [2] and [3], we observe that an efficient way of signaling VRB index would lead us to:

· VRB signaling for downlink assignments

· VRB tree nodes indicated in PDCCH, with subband and RB granularity indicated in D-BCH

· VRB signaling for uplink assignments

· VRB starting point and number of VRBs indicated in PDCCH

The number of bits needed to indicate the VRB allocation is shown in Table 1:

	Bandwidth
	Number of bits

	
	Downlink
	Uplink

	1.08 MHz
	5
	5

	5 MHz
	9 – 17
	9

	10 MHz
	11 – 22 
	11

	20 MHz
	13 – 27 
	13


Table 1
Bandwidth Dependent Information
Note than additional 2-bits are required for the DL grants to indicate whether and how to hop at the slot boundaries. 
2.2
Bandwidth Agnostic Information

The information unrelated to bandwidth can be summarized as follows:

· MCS / Transport Block

· There is no need to explicitly specify the modulation, code rate, TB size individually

· Only MCS (bps/Hz) needs to be specified

· The pair MCS + VRB information fully determines the Transport block size

· 5-bit MCS for 1st codeword

· 3-bit “delta” MCS for 2nd codeword

· Downlink precoding information

· 2 Tx antennas

· 6 hypotheses for rank 1

· 3 hypotheses for rank 2

· Can be clubbed with 3-bit “delta” MCS information in this case

· 4 Tx antennas

· 64 hypotheses

· Uplink RS structure

· Uplink cyclic shift index for MU-MIMO

· HARQ

· HARQ is assumed to be time asynchronous in downlink and time synchronous in uplink

· Redundancy version

· A maximum of 4 RV are assumed for rate matching

· New data indicator

· Needed for downlink

· Not necessarily needed for uplink 

· TPC command
	Field
	Number of bits

	
	Downlink
	Uplink

	MCS + Precoding
	10  (2 Tx)

14  (4 Tx)
	5

	RS structure
	0
	3

	HARQ
	3
	0

	RV
	2
	2

	NDI
	1
	1

	TPC command
	2
	2

	CRC
	16
	16

	Total
	34  (2 Tx)

38  (4 Tx)
	29


Table 2

Bandwidth Agnostic Information

Therefore, the PDCCH payload ranges from 34-65 bits, as shown in Table 3.

	Bandwidth
	Total number of bits

	
	Downlink
	Uplink

	1.08 MHz
	43
	34

	5 MHz
	47 – 55
	38

	10 MHz
	49 - 60 
	40

	20 MHz
	51 - 65 
	42


Table 3

Total Number of Bits in PDCCH – 4 Tx
3
Number of Formats

Given the range of options in TS 36.211, we need to minimize the number of test cases and formats for blind decoding at UE. From this perspective, we propose:

· At most one PDCCH format per downlink (bandwidth, antenna) configuration

· Example number of formats = 6

· Bandwidth = {5, 10, 20} MHz

· Number of Tx antennas = {2, 4}

· One of the above formats used for uplink configuration as well

· Same format can be used for downlink and uplink assignments

· Allows for a dynamic scheduling flexibility in trading off uplink and downlink capacity

· One of the above format used for the group TPC command as well

· Reuse one of the existing formats for the group TPC command so that the number of blind decodes does not increase
4
Multiplexing within Subframe

The multiplexing structure for PDCCH needs to account for the following:

· Occupies all downlink OFDM symbols dedicated for control

· Follows PCFICH indication

· CCE resources around DL RS, PCFICH and PHICH resources.

· Distributed in frequency

The current PDCCH working assumptions include:

· Value of n = {1, 2, 3}

· Number of tones = K = {36, 72, 144, 288} tones
Reference [4] goes over the analysis to confirm that 36 REs is an adequate choice for the CCE size. 
5
Open issues with coding and modulation chain

The current version of the specifications capture most of the agreements made in regards to PDCCH in previous meetings, however, some details are still missing. This section tries to identify areas where decisions are required. Figure 1 shows the processing chain for the PDCCH that is to be captured in TS 36.212. 

A new CRC polynomial of length 10 is required if the proposal in [1] is agreed for the PDCCH format with TPC commands. This shorter length is proposed to maximize the number of TPC commands that can be conveyed in a single CCE while maintaining a low undetected error probability. 
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Figure 1. Coding chain for PDCCH
Figure 2 shows the modulation chain for the PDCCH taking over from the output of Figure 1. 

· The multiplexing of different PDCCH instances is currently in TS 36.211 but would be more appropriately handled in TS 36.212.

· The interleaving of modulation symbols in groups of 4 QPSK symbols seems to be unnecessary given the TxDiv scheme that was finally selected for 4 Tx antennas consisiting of SFBC + FSTD. We propose changing this interleaving to groups of 2 QPSK symbols.

· The mapping of control resources into physical REs assume that a minimum of 2 Tx antennas are used for transmission. Given that the number of Tx antennas is known by the time that the PDCCH is received, we do not see the advantage or simplification attained by allocating control resources around the REs for the two first RSs in case of a single Tx antenna cell. 
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Figure 2. Modulation chain of PDCCH.

6
Summary

Based on the analysis in this document, we propose the following:

· Number of configured formats of PDCCH are minimized

· At most one format per {bandwidth, antenna} configuration

· Use of same format for uplink and downlink assignments in certain cases

· Clarifications for TS 36.211 and TS 36.212. 
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