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1. Introduction
This document provides a summary for the discussions that took place on the reflector between November 28, 2006 and January 11, 2007. 
2. UL DM RS Design Issues
a) Long Blocks versus Short Blocks for the UL RS Transmission 
There were extensive discussions on the tradeoffs between the two options and BLER performance results were provided by several companies. 

Based on these discussions and results, the following were identified as the main tradeoffs:

a) For 1 RB data allocations, which place the constraint on the number of ZC sequences for the DM RS, LB RS offer 10-12 Zadoff-Chu (ZC) sequences (depending on the generation method, assuming that it is based on a prime length ZC sequence). SB RS offer 4-6 ZC sequences.
b) LB RS and SB RS provide effectively the same BLER performance for UE speeds up to 120 Kmph. For UE speeds above 120 Kmph, LB RS gradually underperforms reaching a maximum loss relative to SB RS of about 1 dB for 10% BLER at 350 Kmph and 2 GHz carrier frequency.  
Additional claimed benefits for LB RS include the harmonized slot structure in the DL and UL and the slightly smaller CP overhead. LB RS and SB RS effectively provide the number of orthogonal RS per ZC sequence (LB RS has about 2x more cyclic shifts than SB RS while SB RS can apply 2x more Walsh covering than LB RS).
Several companies provided their preferences. For many, the choice was conditional and/or not strong:

	COMPANY
	Preference for DM RS Structure

	CATT
	SB RS to address the 0.675 ms slot format

	Ericsson
	LB RS

	Huawei
	LB RS

	LGE
	LB RS

	Motorola
	LB RS (if no additional LB RS needed at high speeds)

	Nokia
	SB RS (OK with LB RS if additional LB RS are inserted at high speeds)

	Nortel
	LB RS (if no additional LB RS needed at high speeds)

	Qualcomm
	LB RS

	Samsung
	LB RS (if no additional LB RS needed at high speeds)

	Siemens
	LB RS

	Texas Instruments
	LB RS (if no additional LB RS needed at high speeds)


Based on the stated preferences, the following way forward was agreed.
0.5 ms slot structure: 

· Adopt LB RS (RS in the 4th LB of the slot – Figure 1).

· Have as working assumption that no additional (UE speed adaptive) RS is inserted for high speed UEs. This is based on current evidence that it does not adversely impact the fulfillment of EUTRA requirements; however it can be re-assessed if evidence to the contrary is demonstrated.
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Figure 1: UL Sub-Frame Comprising of 2 Slots. Each slot has 7 LBs - DM RS is in the middle LB.
The 0.675 ms slot structure can be treated separately.

If SB RS is maintained for the 0.675 slot structure, it was noted that a possibility to increase the number of ZC sequences is to set the minimum data allocation equal to 2 RBs.
b) DM RS Sequence Generation
The conventional method of generating RS sequences based on ZC sequences with (even) length equal to the size of the allocated RBs results to a small number of ZC sequences with larger PAPR than prime length ZC sequences. Three alternatives have been proposed (at least for small RB allocations) for the generation of RS sequences based on modifications of a prime length ZC sequence. Assuming allocation of N sub-carriers (N is even), possible options include:

 

1) Use ZC sequences with length N.

2) Frequency Domain Truncation of ZC sequences with length N+1.
3) Use ZC sequences with length N-1.
4) Frequency domain cyclic copy of ZC sequences with length N-1 (the first sample of a ZC sequence with length N-1 is copied as the Nth RS sample, providing a length N RS).
If “N+1” or “N-1” is not prime, truncation or repetition may be by more than 1 sample. 

c) DM RS Allocation
Assuming that UEs having UL data transmission are signaled the ZC sequence and cyclic shift for the DM RS generation, two additional issues have been identified:

a) Use of Walsh covering instead of cyclic shifts (as decided in the last meeting) for SU-MIMO.
b) Application of DM RS sequence hopping (ZC sequence and/or cyclic shift) to randomize interference on the DM RS. It was mentioned that (with low probability) the cross-correlation between two ZC sequences of different lengths can be large (synchronous systems). This mainly applies to the shortest DM RS sequence comprising of 11 or 12 elements. The same may be expected when the shortest RS sequence interferes with data (asynchronous systems).
Otherwise, the DM RS allocation appears to be an implementation issue by the service provider.
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