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Summary

We propose to capture the following baseline assumptions for DL Control Signaling:

· Individual coding

· DL/UL assignment channels

· DL acknowledgment channel

· At least 0.5ms span within 1ms TTI

· At least 7/6 OFDM symbols for short/long CP numerology

· Nominally 14/12 OFDM symbols for short/long CP numerology
2
Introduction
In the last few meetings, there have been numerous discussions on the coding and multiplexing structure of L1/L2 control channels.
In essence, there are two schools of thought:

· Individual vs. joint coding

· “TDM” vs. “FDM” structures

While most of the focus has been on the shared data control channel (called as SDCCH in this document – this is the equivalent of HS-SCCH in HSDPA), we wish to highlight a few key issues that have not been addressed explicitly.

2.1
Common Channel Structure

From our viewpoint, most of the common channels (such as PCH and S-BCH) should be mapped to the DL shared data channel. Further, all the signaling that is performed while transitioning from LTE_IDLE to LTE_ACTIVE states is also eventually mapped to the DL shared data channel (SDCH). While this is our design proposal, this seems to be the general consensus within RAN1 as well.

Given that a flexible mapping of such channels requires the usage of SDCCH, it is not clear whether what does individual or joint coding imply here. 

The simplest design structure entails the use of a “common MAC ID” to indicate that this is a special kind of channel, containing some common signaling and mapped to a specific set of resources.
In our view, this qualifies as “individual coding” of the SDCCH – in other words, the control channel bit-width is designed to address a single MAC ID. 

“Joint coding” of the control channel to indicate the MCS of such common channels is extremely inefficient.
2.2
Power Control

Given that L1 based control channels do not benefit from HARQ, one needs to design the system such that the link budget on these channels is always met.

For FDD systems, all terminals in LTE_ACTIVE state transmit the DL channel state (CQI) in uplink. While the exact duty cycle is debatable, it is safe to say that the DL scheduler can effectively power control the L1 control information based on the feedback from one or several such UEs.

When the associated L1 control information is addressed to a single UE, it can be very effectively power controlled using the CQI.
However, there are situations wherein there is no CQI present in the uplink. This includes situations wherein:

· UE transitioning from LTE_IDLE to LTE_ACTIVE via RACH

· Step 1 – UE transmits a RACH preamble

· Step 2 – UE gets a response from eNB

· Response is mapped to DL SDCH

· There is a SDCCH associated with this DL SDCH

· This SDCCH cannot be very effectively power controlled

· A single bit has been budgeted in the RACH preamble to indicate DL SNR
· UE in LTE_IDLE mode monitoring PICH

· PICH functionality is mapped to SDCCH
· This “SDCCH” cannot be power controlled at all
Clearly we have situations wherein SDCCH simply cannot be power controlled. 

Therefore, the effective time span within the TTI must be budgeted for the worst case user and with a lack of CQI based power control.
We must be careful in this choice.

Based on the simulation results in the Appendix, in the absence of power control and assuming a 40-bit payload with 1ms TTI, the target Es/Nt is non-trivial for 1% BLER.

3
Proposal
From the arguments made in section 2, we come to the following conclusions:

· SDCCH must have the ability to address an individual MAC ID
· Needed at least for common channels and RACH response

· SDCCH must be designed for scenarios where there is no power control

· Needed at least for PICH and to some extent for the RACH response

The main argument from most “TDM” proponents is that mapping SDCCH to the beginning of the TTI (spanning 1 or 2 OFDM symbols) allows the UE to perform an intra-TTI DRX, a.k.a “micro-sleep”.

While there is some merit to the argument from a narrow viewpoint, lack of effective power control of SDCCH in all scenarios is a serious concern.

Therefore, one possible way forward is the following structure:
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Figure 1

Intra TTI Multiplexing – DL Data + Control
Further, we propose the following:

· Data is transmitted over entire 1ms TTI

· Control is mapped to 1st 0.5ms TTI if the link budget is met

· In the non RS symbols:

· Data to pilot power ratio (T/P) is fixed within a subframe

· T/P can vary across subframes within a TTI

· T/P in 1st subframe is dictated by the power needed to close the link for control

· T/P is fixed in 2nd subframe and signaled via L3 signaling

· T/P could be varied in 2nd subframe, but is not seen as necessary

· In the RS symbols

· T/P may be smaller than the nominal T/P in the non-RS symbols
· Performance with RS power boosting needs to be evaluated
Appendix
Assume that SDCCH is UE specific and needs a payload size of about 40 bits, which includes the information of resource block allocation, modulation and coding scheme, duration of assignment, pre-coding matrix ID, CRC masked by user MAC ID, HARQ process information, redundancy version, and new data indication bits.

Table 1 has a detailed description of the payload for SDCCH.

	Parameter
	Bitwidth
	Note

	Resource block (RB) assignment
	9
	Detailed description can be found in [5].


	MCS
	8
	5 bits for base layer + 3 bits for an additional layer

The 3 bits range from 0 to 5 for the transmission of two layers, while -1 and -2 indicate the transmission of one layer on virtual antenna 1 and virtual antenna 2



	Duration of assignment
	1
	Persistency of assignment

	Precoding Matrix ID
	3
	Precoding matrix used for the associated shared data channel

	CRC/UE ID
	16
	CRC masked by MAC ID

	HARQ Information
	3
	TBD (HARQ process ID, redundancy version, new data indication)


Table 1
SDCCH

Tables 2 and Table 3 describe the numerology and the evaluation waveform for the link simulation. The channel and receiver configurations are as follows:

· Bandlimited white interference and noise

· GSM TU channel – 30 kph and 120 kph

· 2 Rx antennas
· Channel estimation filter length – 15 OFDM symbols

· Receiver architecture – LMMSE
	Sub-frame duration
	0.5 ms

	TTI
	1.0 ms

	Symbols / Sub-frame
	7

	FFT size
	512

	Useful tones
	300

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Allocation of pilot tones 

per subframe 
	50 (1st symbol) and 50 (5th symbol)

	Pilot Ec/Ior
	-7.8dB


Table 2

Evaluation Numerology and Assumptions
	Pilot tones
	Hybrid TDM/FDM [2]

	Data tones
	Interleaved

	Intra-TTI Frequency Diversity
	Yes


Table 3
Evaluation Waveform
Table 4 describes the modulation and channel coding, the number of data tones, and the power allocated to data tones. Adaptive modulation and coding is not applied in the simulations. No re-transmissions are allowed.

	Modulation
	Coding
	Number of tones per symbol
	Number of TDM data symbols used
	Data Ec/Ior

(dB)
	Code Rate

	QPSK
	Convolutional, K = 9
	6
	14
	-17 dB
	0.2381


Table 5
Candidate MCS – SDCCH
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Figure 2

SDCCH
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Table 7
SNR vs. BLER
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