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1. Summary
The DL RS patterns (1,2, and 4 antennas) [1] and frequency hopping of the DL RS have been agreed in Riga. The hopping pattern can add a cell (and TTI) specific subcarrier offset to the DL RS pattern (with wraparound at band edges). The agreed hopping patterns so far include the straightforward no hopping (zero offset) and shifting (cell specific offset constant over time) patterns. More work is required defining a hopping patterns where the cell-specific offset changes with granularity of every TTI or some number of TTI. An offset that changes TTI by TTI should be designed in such a way that it does not complicate or impact cell search and MCH operation, and should be compatible with the zero and fixed offsets. Use of zero offset in certain TTI may simplify cell search and MCH operation.

The preferred mode of operation remains zero offset, for a number of reasons. If somehow making the offset constant over TTI is incompatible with varying TTI-by-TTI, one of those modes may be discarded. 
2. Frequency Hopping Modes

2.1. Zero offset operation
The preferred mode of operation is zero offset. The benefits of this mode include:

· Known DL RS locations for the 3rd step of the initial cell search: reduced cell search complexity and improved performance (no need for RS position hypothesis testing).
· Known DL RS locations for neighbor cell search: reduced complexity and improved performance for neighbor cell search (no need for neighbor RS position hypothesis testing)
· Low overhead and consistent specification for unicast DL RS included in multicast channel (MCH) subframes
· Does not require the use of power boosting (power stolen from data or control sub-carriers)

· Better BLER performance with micro-sleep (refer to Appendix)
· Low overhead due to no need for signaling the value of power boosting; or
· Robust and stable due to no need for blind detection of power boosting
· Does not require the effort of cell planning
· Simplest implementation
The normal scenario is where the transmit power is not stolen from data or control subcarriers. Maintaining the maximum possible power on the control channel helps facilitate the use of n=2 OFDM symbols (rather than n=3) for the control channel.

2.2. Constant or variable offset
The purpose of a constant or variable offset is to attempt get a benefit in signal to interference ratio of the desired RS, though potential benefits are limited without RS power boosting[2]
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[3]. Constant offset is relatively simple in that an offset is used in a cell for a long (semi-static) period of time. The offset is communicated (or changed) by a control channel such as SCH and BCH. To obtain the desired effect, cell planning is required. In case of a single Tx antenna, the reuse factor is 6 so that the cell planning is somewhat simplified. However in cases of two and four Tx antennas, the cell planning is very tight, especially in case including in-building base stations. Variable offset implies that an offset changes in a known manner every TTI (or perhaps multiple of TTI). The pattern is also communicated (or changed) by a control channel such as SCH and BCH. Variable offset may provide better randomization of interference than constant offset, especially in cases where RS may align with RS instead of data/control. This scheme makes implementation the most complex in return for no cell planning.
Both constant and variable offset may have to revert to zero offset whenever MCH or initial cell search subframes occur. A constant offset may be less complex to implement since the TTI-TTI variation of the variable offset must take into account MCH or cell search subframes.

Both constant and variable offset, when used, will normally use at least a 3dB boost (2 antennas). Since each DL RS is only transmitted from one antenna on a resource element, if the DL RS from the desired cell is aligned with 2 or 4 interfering antennas transmitting data or control, boost is required to bring the RS power to par. Mandatory boost is in general undesirable.
When constant or variable offset is used, the system may need to inform the RS FH patterns of neighbor cells for neighbor cell search since blind detection of the pattern is difficult in such low S/N environment.  

For a network that is not time synchronized and uses TTI-by-TTI hopping, knowledge of the RS FH patterns (however it is obtained) may not help the neighbor cell search process, since there will be an unknown time offset in each neighbor’s hopping pattern.
3. Configuration
To enter the network, a UE needs to know the operation mode and the RS FH pattern. A potential way to inform them is using SCH. Although the number of the RS FH patterns is not decided yet, the secondary SCH may, however, not have enough room to carry the mode and pattern information. At the 3rd step of the initial cell search, it is also possible to blind-detect a cell ID by attempting up to 6 times regardless of the RS positions. But in general the blind scheme would be complex and have poor detection performance. The potential benefit of variable offset may be outweighed by the detrimental impact on cell search design and performance.

In order to deal with some of the larger problems associated with RS FH, the following constraints on the RS FH scheme should be required:

· Zero offset is utilized in the sub-frame containing SCH, primary BCH, and MCH.

· The RS FH pattern is tied to the cell ID and the operation mode.
· Zero and constant offset are special cases of variable offset as the working assumption.

· The RS FH pattern is not tied to the cell-group ID provided by the secondary SCH. 
If we have 17 cell-groups (1 for zero, 1 for shift and 15 for variable offset), each of which has 30 2D RS sequences. Then an operator who wants to use zero or constant offset can have only 30 2D RS sequences. It does not seem to be acceptable. Regardless of operation mode, we should have 510 2D RS sequences.
The primary BCH can carry the operation mode. One way to do this is:
· The primary BCH carries the operation mode (2-3 states).

· Procedure to identify the RS FH pattern:

1. Cell-group ID from the secondary SCH

2. Cell ID from zero offset RS

3. Operation mode from the primary BCH

4. RS FH pattern identified.

· The scheme to generate the set of the RS FH patterns is FFS.

· The period of the RS FH patterns is FFS.
Another way for the BCH to carry the operational mode is a single bit to select between no offset and one of {shifting, hopping}, with the offset or pattern tied to the cell ID. 

Our proposal provides the advantages:

· Initial cell search is simple and is not impacted by the hopping mode and  pattern.

· Avoiding unnecessary additional overhead bits on SCH.

· The numbers of the RS FH patterns and cell-group IDs can be independent.

· The information provided for the neighbor cells helps UE for neighbor cell search.

4. Conclusion

The benefits of zero offset were presented and the drawbacks of constant and variable offset were also pointed out. We need to take into account not only BLER performance and throughput but also implementation complexity, signaling overhead and ease of deployment (cell planning). If we do a down selection of the modes of operation to simplify the system, variable offset might be discarded.  
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Appendix – Simulation Results

It was agreed that downlink control signaling is located in the first n (n≤3) OFDM symbols. Here we focus on the control signaling mapping onto the first OFDM symbol containing the primary reference signals in micro sleep mode, which could carry the category ‘0’ information. Figure A 1 and Figure A 2 show the BLER performance results for the four channel models: TU (red), VA (green), PA (blue) and PB (yellow). The light (/3) and deep (/6) color indicate 3dB power boosting (power moved from null subcarriers for inter-antenna orthogonality) and 6dB power boosting (power stolen from data subcarriers) as shown in Figure A 3, respectively. The simulation conditions are summarized in Table A 1 and Table A 2. In the cases of shifting (constant offset) and hopping (variable offset), Power boosting by power stealing from sub-carriers of data or control or both will harm the performance of the control signaling mapping onto the first OFDM symbol.
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Figure A 1. BLER performance in SA&E simulation case 1
[image: image2.emf]0%

1%

2%

3%

4%

5%

Zero offset Shifting Hopping

BLER

TU/3 TU/6 VA/3 VA/6 PA/3 PA/6 PB/3 PB/6


Figure A 2. BLER performance in SA&E simulation case 3
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Figure A 3. 3dB-power boosting (left) and 6dB-power boosting by stealing (right)
Table A 1. Link parameters
	System bandwidth
	5 MHz

	Sampling rate
	7.68 MHz

	Number of sub-carriers
	300

	Cyclic prefix
	Short

	RS sub-carrier spacing per antenna
	6

	Number of RS sub-carriers
	50

	RS sequence
	GCL sequence (length of 53) scrambled by
NB specific random QPSK sequence

	RS sequence assignment
	random generation at every slot

	Hopping pattern assignment
	random generation at every slot

	Modulation of data subcarriers
	QPSK

	Channel coding
	Turbo code [r=1/4] and bit repetition [2]

	Coding rate
	R=1/8

	Coding block size
	1 OFDM symbol (1st)

	Number of RS used for channel estimation
	1 (primary only, micro sleep)

	Number of information bits
	47

	Interleaver size
	same as coding block

	Number of Tx / Rx antennas
	2 / 2

	Transmit diversity
	cyclic delay diversity

	Channel model
	Typical Urban (TU), Vehicular A (VA), Pedestrian A (PA) and Pedestrian B (PB)


Table A 2. System parameters

	SA&E simulation case
	1, 3

	System timing
	Synchronous

	Cellular layout
	Hexagonal grid, 19 cell sites, 3sectors per site

	Inter-site distance
	500m, 1732m

	Distance-dependent path loss
	L=128.1+37.6log(R) dB

	Lognormal shadowing standard deviation
	8dB

	Shadowing correlation between cells
	0.5

	Shadowing correlation between sectors
	1.0

	Penetration loss
	20dB

	BS antenna gain
	14dBi

	BS Horizontal antenna pattern
	70° 3dB-bandwidth, 20dB front-to-back ratio

	BS antenna bore-sight
	Flat side of cell

	BS transmit power
	43dBm

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	Minimum distance between UE and cell
	35m
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