
3GPP TSG RAN WG1 Meeting #59bis



 



R1-100262
Valencia, Spain, Jan. 18-22, 2010
Agenda Item:
7.4.1
Source:
Huawei
Title:
Analysis and evaluation of UL DM RS design for LTE-A scenarios
Document for:
Discussion/Decision
1 Introduction
In order to support LTE-Advanced components for uplink including up to 4-layer SU-MIMO, MU-MIMO, UL CoMP and frequency-non-contiguous resource allocation, demodulation reference signals (DM RS) should be enhanced, since R8 UE only supports cell-specific cyclic shift (CS) orthogonality within frequency-contiguous resources. This contribution gives analysis and evaluations of possible UL DM RS enhancements for different scenarios. 
2 Enhancement 1: SU- & MU-MIMO with equal bandwidth allocation
Current R8 design (different CSs for orthogonality) can satisfy the requirement of maximum layer number (4) for uplink SU-MIMO. In MU-MIMO, maximum 4 layers in total per cell are enough considering the target requirements, performance and complexity of the system. The necessity to introduce UL DM RS enhancement for SU- or MU-MIMO with equal bandwidth allocation is possible if significant gain over CS could be obtained for different scenarios and UE speeds, and/or if more resources for DM RS are required, e.g. using remaining DM RS cyclic shifts for SRS [1].
Simulation is carried out for SU-MIMO with CS, OCC (orthogonal cover code) and IFDMA (interleaved frequency domain multiple access). The assumptions are given in Appendix 1 and the results are shown in Fig. 1. Two channel estimation methods are considered, including

· Separate Scheme: channel estimation algorithm is carried out with each DM RS symbol separately; based on the estimation results for DM RS symbols, interpolation in time domain is carried out to get the estimated channel for data symbols.

· Joint Scheme: channel estimation algorithm is carried out with both DM RS symbols jointly; and the estimation result is just the estimated channel for all data symbols.
Note that only Joint Scheme can be adopted for OCC.

It can be concluded from Fig. 1 that

· For 3kmph scenario, the performances with CS, OCC, CS+OCC and IFDMA are similar with Joint Scheme.

· For 30kmph scenario, the performance with OCC is poor since only Joint Scheme can be adopted and the impact of channel fading variation is evident; the performances with CS, CS+OCC and IFDMA are similar with either Separate Scheme or Joint Scheme.

Hence it seems the current CS scheme could provide good enough performance with full backward compatibility. The introduction with OCC brings evident performance degradation even in 30kmph. It seems unnecessary to adopt CS+OCC since the gain over CS is not evident and additional complexity and overhead is introduced.
Proposal1:

· CS is sufficient for SU- & MU-MIMO with equal bandwidth allocation.
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a) 2x2; 3kmph                                              b) 2x2; 30kmph
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c) 4x4; 3kmph                                              d) 4x4; 30kmph

Fig. 1 Simulation results with CS, OCC, CS+OCC and IFDMA schemes
3 Enhancement 2: MU-MIMO with non-equal bandwidth allocation
Non-equal bandwidth allocation is regarded by some companies as a useful feature for R10 UL MU-MIMO [2,3]. Since the current specification only supports equal bandwidth allocation among multiple users, UL DM RS could be enhanced with OCC or IFDMA [3,4] to facilitate this feature.
According to current standard [5], the generation of uplink DM RS is determined by the allocated PRB number, the sequence group index (u, v) and the CS (():
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If the sequence group hopping (group hopping for u or sequence hopping for v) is enabled, the sequence group will be changed between the two slots within the same subframe.

From the R8 discussion, sequence group hopping is regarded as an important technique for inter-cell interference (ICI) randomization. It benefits PUCCH since the average ICI for PUCCH in a subframe is reduced and consequently, the coverage can be guaranteed. Thus the R10 discussion for UL DM RS should not contradict or ignore this existing feature.
3.1 OCC

According to [3] and detail analysis in the Appendix 2, OCC CANNOT guarantee DM RS orthogonality in MU-MIMO with non-equal bandwidth allocation for sequence group hopping.
This observation can also be interpreted in Fig. 2. UE1 and UE2 are allocated with PRB0~1 and PRB0~3, respectively. Assume that the DM RS root sequence in frequency domain is 
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, where u denotes the group index, NRB denotes allocated PRB number, and n denotes sub-carrier index. Since the allocated bandwidths are different for UE1 and UE2, the root sequences are different. When sequence group hopping is disabled, the DM RS root sequence for any UE is the same in the two slots within a subframe, as shown in a), so OCC can still guarantee the orthogonality between UE1 and UE2. But when sequence group hopping is enabled, the DM RS root sequence for each UE is different in the two slots within a subframe, as shown in b), and OCC cannot guarantee the orthogonality.
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a) When sequence group hopping is DISABLED
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b) When sequence group hopping is ENABLED

Fig. 2 Orthogonality of OCC in MU-MIMO with non-equal bandwidth allocation
Observation:
· OCC CANNOT guarantee DM RS orthogonality in MU-MIMO with non-equal bandwidth allocation for current sequence group hopping configuration.
3.2 IFDMA

On the contrary, there is no such constraint in IFDMA. 

With IFDMA, paired UEs are distinguished with different combs, so the DM RSs between them are orthogonal regardless of sequence group hopping configuration, as shown in Fig. 3. 
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Fig. 3 Orthogonality of IFDMA in MU-MIMO scenario with non-equal bandwidth allocation
Observation:
· IFDMA CAN guarantee DM RS orthogonality in MU-MIMO scenario with non-equal bandwidth allocation regardless of sequence group hopping configuration.

Proposal2:

· If it is necessary to support non-equal bandwidth allocation in MU-MIMO, 
· OCC is not applicable considering the current sequence group hopping configuration. 
· IFDMA is applicable regardless of sequence group hopping configuration.
4 Enhancement 3: UL CoMP

UL CoMP can benefit the system a lot with limited modification to the specification [6,7,8]. In the current R8 design, different cells usually adopt different cell specific sequence groups, which may result in severe interference of UL CoMP UEs detection from neighboring cells. It is possible to enable the same sequence group for different cells within the CoMP cluster so that UEs involved in UL CoMP could be separated by different CSs. However, the legacy UEs would suffer from great ICI and the system performance would be degraded a lot.
Regarding the above considerations, UE- or cluster-specific sequence-shift pattern or IFDMA [3,4,9] are possible solutions. The former can guarantee orthogonal DM RSs with the same root sequence but different CSs among different UEs; and the latter guarantees orthogonality with different combs.
Proposal3:

· UE- or cluster-specific sequence shift pattern or IFDMA might be utilized to better support UL CoMP.

5 Enhancement 4: frequency-non-contiguous resource allocation
According to email discussion, there are 2 schemes for frequency-non-contiguous resource allocation:
Option 1: Base sequence according to the whole allocation size and split into clusters

Option 2: Base sequences according to the size of each cluster are used
The two options are compared in Table 1.
Table 1 Comparison between Option 1 and Option 2 for frequency-non-contiguous resource allocation
	Comparison factors
	Option 1
	Option2

	Cubic metric (CM) [10]
	Low
	High

	Constraint for resource allocation
	Same as R8
	Additional constraint over R8 design (see Fig. 4)

	Signalling for CS
	Only 1 signaling
	Multiple signalings (to reduce CM)


Any resource allocation supported by R8 can be supported with Option 1, because the DM RS sequence length matches the allocated frequency resource for data. However, additional constraint over R8 design is introduced for resource allocation with Option 2. As shown in Fig. 4, 3+7 resource allocation (3 PRBs in one cluster and 7 PRBs in the other cluster) cannot be supported with Option 2, because the DM RS sequence for 7 PRBs is not available in current R8 specification. Thus the scheduling flexibility is reduced with Option 2.
About the signalling with Option 2, it is possible to predefine the CS value according to cluster indices. However, it is not an effective way since a simple predefinition cannot guarantee low CM for all kinds of PRB cluster combinations in all sequence groups. Thus multiple signallings are needed.

Regarding the support for MU-MIMO with non-equal resource allocation, both options can be supported with IFDMA.

Proposal4:

· Considering CM, backward compatible sequence length and simplicity, it might be better to generate base sequence according to the whole allocation size and split into clusters.
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Fig. 4 Additional constraint over R8 design with Option 2
6 Conclusion
The UL DM RS enhancements for LTE-A scenarios are analyzed in detail. It is proposed:
· SU- & MU-MIMO with equal bandwidth allocation: CS is sufficient for SU- & MU-MIMO with equal bandwidth allocation.
· MU-MIMO with non-equal bandwidth allocation (if necessary): 
· OCC is not applicable considering the current sequence group hopping configuration. 
· IFDMA is applicable regardless of sequence group hopping configuration.
· UL CoMP: UE- or cluster-specific sequence shift pattern or IFDMA might be utilized to better support UL CoMP.
· Frequency-non-contiguous resource allocation: Considering CM, backward compatible sequence length and simplicity, it might be better to generate base sequence according to the whole allocation size and split into clusters.
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Appendix 1: Simulation assumptions

Table 2 Link-level simulation parameters

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	5 MHz

	Slot format
	Normal CP (7 symbols per slot)

	Channel coding
	Turbo code

	Modulation
	16QAM

	Code rate
	1/2

	Codeword number
	2

	Receiver
	MMSE

	Channel model
	Typicla Urban (TU) [11]

	Speed
	3km/h

	Data transmission BW
	10 PRBs, Fixed BW Allocation

	Antenna configuration
	2x2, 4x4

	Tx/Rx Antenna correlation
	0.0

	Channel estimation
	Realistic

	DM-RS Configuration for 2x2
	CS
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 2: CS=6, OCC=[+1 +1]

	
	OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=0, OCC=[+1 -1]

	
	CS+OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 2: CS=6, OCC=[+1 -1]

	
	IFDMA
	Antenna port 0: DM RS appears on sub-carrier {0,2,...,12NRB-2}
Antenna port 3: DM RS appears on sub-carrier {1,3,...,12NRB-1}

	DM-RS Configuration for 4x4
	CS
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=3, OCC=[+1 +1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=9, OCC=[+1 +1]

	
	OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=0, OCC=[+1 -1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=6, OCC=[+1 -1]

	
	CS+OCC
	Antenna port 0: CS=0, OCC=[+1 +1]

Antenna port 1: CS=3, OCC=[+1 -1]
Antenna port 2: CS=6, OCC=[+1 +1]

Antenna port 3: CS=9, OCC=[+1 -1]

	
	IFDMA
	Antenna port 0: DM RS appears on sub-carrier {0,4,...,12NRB-4}
Antenna port 1: DM RS appears on sub-carrier {1,5,...,12NRB-3}
Antenna port 2: DM RS appears on sub-carrier {2,6,...,12NRB-2}
Antenna port 3: DM RS appears on sub-carrier {3,7,...,12NRB-1}


Appendix 2: Analysis for OCC’s orthogonality in MU-MIMO with non-equal bandwidth allocation
The scenario for OCC with different resource allocation is shown in Fig. 2. Assume UE1 and UE2 are scheduled in a same TTI. In frequency domain, UE1 and UE2 are allocated with NRB1 and NRB2 number of PRBs (NRB2>NRB1). According to current R8 specification [5], it is assumed that:

· For UE1,
· the DM RS in the 1st slot is 
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; the DM RS in the 2nd slot is 
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, where n=0,1,…, 12NRB1-1.
· For UE2,
· the DM RS in the 1st slot is 
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; the DM RS in the 2nd slot is 
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, where n=0,1,…, 12NRB2-1.
where 
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 is the base sequence with allocated PRB number equalling to NRB, group number equalling to u and base sequence number equalling to v; 
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 introduces the cyclic shift 
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 to the DM RS.

To guarantee the orthogonality of DM RSs from the paired UEs, the following equation should be satisfied.
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(1)

where (()* denotes conjugate. The equation can be transformed into
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(2)

where 
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If sequence group hopping is disabled, 
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. In that case, equation (2) can be satisfied, so DM RS symbols for UE1 and UE2 are orthogonal.
If sequence group hopping is enabled, 
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 and 
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, so equation (2) cannot always be satisfied, and DM RS symbols for UE1 and UE2 are non-orthogonal. For example, when NRB1=2, NRB1=3, u1=0, u2=1, v1=v2=0, ((=6, the result for equation (2) is 
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Consequently, it can be concluded that
· OCC CANNOT guarantee DM RS orthogonality in MU-MIMO with non-equal bandwidth allocation for current sequence group hopping configuration.
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