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1 Introduction

During RAN1#68bis in Jeju, the following was agreed as a working assumption [1]:
Alt.3 A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.
· VCID is used to derive base sequence
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
Could be revisited after checking if Alt 3 supports the four cases in the table, the range of the cinitCSH that needs to be signaled, and other relevant aspects. 

	Config.:
	Supported by Alt.2?
(Alt.1 supports all configurations)
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	Yes
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	Yes
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	No
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	No
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


It was also discussed whether multiple RRC configurations should be supported, and how to switch between them (i.e., if dynamic switching should be supported).

This contribution addresses the remaining open issues for UL DMRS, as from the above agreements.

2 Discussion on DMRS configuration mechanisms
Virtual Cell ID Range
UEs belonging to legacy cells may be freely assigned any of 17 hopping patterns (fGH(nS)) and any of 30 sequence-shift patterns fSSPUSCH. While the group hopping pattern is readily derived from the cell-ID NIDcell, the sequence-shift pattern is derived by a combination of NIDcell and SS.
The working assumption in Rel-11 is to derive both fGH(nS) and fSSPUSCH from a single new UE-specific parameter, also known as virtual cell-ID (NIDUL,DMRS), possibly in combination with legacy cell-specific parameters such as SS. Some alternatives are presented here:
1) Derive both fGH(nS) and fSSPUSCH from a virtual cell-ID (NIDUL,DMRS) {0..503}: little specification change is needed, besides the substitution of legacy NIDcell with the new parameter NIDUL,DMRS, having same range as legacy NIDcell, and removal of SS from the specifications. A drawback consists of the fact that some (6 out of 510 = 1.2%) legacy combinations of  fGH(nS) and fSSPUSCH may not be indicated for new UEs, somewhat reducing backwards compatibility.
2) Derive both fGH(nS) and fSSPUSCH from a virtual cell-ID (NIDUL,DMRS) {0..509}: the legacy NIDcell is substituted by the new parameter NIDUL,DMRS with extended range, with the ability of indicating all legacy combinations of fGH(nS) and fSSPUSCH. 

3) Derive both fGH(nS) and fSSPUSCH from a combination of virtual cell-ID (NIDUL,DMRS) {0..503} and legacy cell-specific parameter SS: this option has the smallest specification impact, besides the substitution of legacy NIDcell with the new parameter NIDUL,DMRS. All legacy combinations of  fGH(nS) and fSSPUSCH may be indicated for new UEs by properly selecting the legacy value SS. Equations for Option 3) are further exemplified here:
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Alternative 3) seems preferable due to the combination of modest specification impact and flexibility.

Proposal
· Derive both fGH(nS) and fSSPUSCH from a combination of virtual cell-ID (NIDUL,DMRS) {0..503} and legacy cell-specific parameter SS (Alt.3).
Range of cinitCSH
The range of cinitCSH should be selected in order to span at least the legacy values of cinit for legacy UEs. Considering the wide range of cinit, the interest in reducing the signaling overhead and enabling reuse of legacy pseudo-noise (PN) implementations, there is no apparent reason for increasing its dynamic range in Rel-11.
In Rel-10, cinit spans the dynamic range [0,541], which may be indicated with a 10-bits RRC parameter. The 31-bits initialization of the pseudo-noise CSH generator would be obtained by zero-padding the binary representation of  cinitCSH.
A preferable solution is however obtained by observing that the mapping of cinit for legacy UEs is sparse, and 9 bits are actually sufficient for the representation of the legacy values for cinit. The PN-initialization is obtained, e.g., as 
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 substitutes cinit in the Rel-11 PN-initialization and X is RRC signalled to the UE instead of 
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. By restricting the value of X to [0..509] it is possible to reproduce all legacy cinit values as well as implicitly avoiding signalling new X values that are not possible for legacy UEs, therefore enabling full reuse of legacy PN implementations and compact RRC signalling.

Proposal
· The PN generator for CSH is initialized by 
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 substitutes cinit in the Rel-11 PN-initialization and X [0..509] is RRC signalled.
3 Dynamic signaling of DMRS configurations
Dynamic signaling of DMRS configurations is already supported in the DL for Rel-11 LTE [1]. Considering that OCC provides orthogonality order two and that each cell has typically more than one interfering cell, dynamic signaling may be exploited for switching between DMRS configurations and providing orthogonality towards the most severe interferer for each subframe. Considering traffic dynamics, this is clearly unfeasible with a semi-static solution.
Another application consists of enhanced support for legacy UEs. In this case dynamic signaling would allow dynamic switching between a Rel-11 DMRS configuration and a legacy DMRS configuration. Even though one could observe that the share of legacy UEs is expected to decline in the long term, it is also true that a limited number of legacy UEs might severely limit scheduling flexibility and the benefits from orthogonal DMRS even for new UEs. It is also particularly interesting to notice that dynamic signaling of DMRS configurations would allow dynamic pairing of new UEs with either legacy or new UEs while exploiting orthogonal DMRS. In other words, this Rel-11 feature would not only benefit new UEs, but even legacy UEs.

Table 1 shows simulation results for a heterogeneous deployment where coordination is performed within each macro sector. Two cases are compared:

1) Semi-static BSI/CSH allocation: each UE is assigned a UE-specific BSI/CSH. A different BSI is assigned over the UL coverage area of each point; a common CSH pattern is assigned over the whole coordinated area (macro + 4 picos);

2) Dynamic BSI/CSH allocation: each UE is assigned a UE-specific BSI/CSH (similar assignment as for 1)). The second DMRS set consists of a BSI/CSH set that is common to all UEs in the coordinated area; Dynamic switching between the two DMRS configurations.
In case of 1), inter-cell orthogonality is achieved by OCC. In case of 2) orthogonality is achieved by combined use of CS and OCC. The performance gains for 2) over 1) are due to the fact that in 2) the scheduler is most likely able to orthogonalize most of the UEs in the coordinated area with significant potential mutual interference. Assuming a full load scenario, in 1) a given UE would be orthogonal to every second UE in the coordinated area.

It is observed that the gains with dynamic BSI/CSH signaling become more significant with small/moderate UL CRE. 

It should also be observed that the gains from dynamic BSI/CSH allocation are expected to increase for larger coordination areas. Additionally, the gains are expected to further increase in case MU-MIMO is supported and in presence of legacy UEs. Both these aspects are not included in the simulations for Table 1. On the other hand, the expected gains are dependent with the cell load, and are thus expected to diminish for reduced network load.

Detailed simulation parameters are reported in the Appendix.
	DMRS signaling way
	Relative Gain for Dynamic BSI/CSH allocation 2) over Semi-Static 1)

	
	Cell SE
	Cell-edge user SE

	UL CRE = 16dB
	3.02%
	9.62%

	UL CRE = 6dB
	3.29%
	18.53%


Table 1: Results for comparison of dynamic and semi-static BSI/CSH allocation.
Observations

· Dynamic signaling of DMRS configurations benefits both new and legacy UEs and improves scheduling flexibility.
4 Summary

This paper addresses UL DMRS enhancements for Rel-11. Based on the discussion the following observations and proposals are made:
Proposal:

· Derive both fGH(nS) and fSSPUSCH from a combination of virtual cell-ID (NIDUL,DMRS) {0..503} and legacy cell-specific parameter SS (Alt.3).

· The PN generator for CSH is initialized by 
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 substitutes cinit in the Rel-11 PN-initialization and X [0..509] is RRC signalled.
· Dynamic signaling of DMRS configurations benefits both new and legacy UEs and improves scheduling flexibility.
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Appendix

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 3: Heterogeneous network with low power RRHs within the macro cell coverage

	Number of low power node per macro-cell
	Configuration #4b with 4 low power nodes per macro cell

	simulation case
	ITU UMa for Macro, UMi for low power node, 19 macro site, 3 sectors per site, wrap round.

	Duplex mode
	FDD

	System bandwidth
	20 MHz

	UL Reception scheme
	Joint reception for CoMP

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB/RRH/Pico nodes
	2

	Antenna configuration
	2 Rx antennas: 1 column, cross-polarized: X 

	Antenna pattern
	Horizontal diagram adopted from 3GPP 25.814/996, but reparameterized to fit the Kathrein 742215 antenna.

	eNB Antenna tilt
	12 degrees

	Channel estimation
	· Ideal for link adaptation

· Non-ideal based on DMRS for demodulation

	Placing of UEs
	Configuration #4b (4 hotspots per macro, hotspot radius = 40 m, 2/3 hotspot probability)

	Scheduler
	Proportional Fair

	Traffic model
	Full buffer, 90% PRB allocation

	HARQ
	CC, Maximum 4 transmission 

	UL overhead assumption
	· 2 symbols for DMRS per subframe
· 4 PRBs for PUCCH

	Maximum cooperative cells
	5 (1 macro cell + 4 pico cells) 


Table 2: Simulation parameters for Table 1.
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