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Discussion / Decision
1.
Introduction
Work item “Coordinated Multi-Point Operation for LTE – Uplink Core Part” [1] was agreed at RAN#53 as one of the prioritized items for Rel-11. One of the WI objectives is [1]:

· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception
· […]
In this contribution, we consider Rel-8/9/10 DM RS limitations from UL CoMP reception viewpoint and, hence, related UL DM RS enhancements needed for improved CoMP reception. We see that UL CoMP reception should not be coupled only to either intra-cell CoMP or inter-cell CoMP but should be applicable in both cases. 
2. Uplink reference signals 
When considering UL DM RS from CoMP viewpoint, one of the main issues is the gain from inter-cell orthogonal DM RS. In [2], we compared cell edge and average throughput gains for intra-cell orthogonal and non-orthogonal DM RS when joint reception CoMP is employed. It was concluded from the results that inter-cell orthogonal DM RS within the UL CoMP coordination set improves significantly throughput gains from joint reception. 
It is possible to configure inter-cell orthogonal DM RS already with Rel-8/9/10. This is achieved by configuring the same sequence group and cyclic shift hopping pattern to be used on PUSCH within a CoMP coordination set, that is, set of cells configured to UL CoMP reception.  The configuration is done by setting sequence-shift pattern
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to be same in all cells, which is achieved by appropriate configuration of cell-specific parameter 
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2.1 PUSCH DM RS configuration

In heterogeneous networks, there is clear discrepancy between UL and DL cell coverage. For a pico node, UL coverage is often considerably larger than DL coverage as pico DL coverage is reduced due to Tx power difference between pico and macro. Hence, it is an attractive CoMP solution to decouple DL and UL cell selection so that both directions could be served by the best link. In other words, PUSCH and PUCCH can be received by a different site than the one transmitting PDCCH and PDSCH.  Such decoupling can improve UL cell edge throughput up to 70% when assuming that downlink cell is selected based on RSRP, as shown in [3]. 
Observation 1: It is beneficial to support UL reception via different cell than DL in heterogeneous networks 
One of the attractive features of such CoMP scenario is that joint reception is not required to reach considerable cell edge gains. For a moment, we focus on such UL CoMP scheme that does not involve joint reception. Which Rx point to use in uplink signal reception is basically standard transparent. Pico node can receive PUSCH containing DM RS associated with macro cell. This is the arrangement for Rel-8/9/10 terminals. However, it is an awkward arrangement. Inter-cell orthogonal DM RS is not necessarily needed in here as cell-edge gains can be achieved also without joint reception. Macro cell and related pico cells could have rather independent cell-specific UL scheduling. However, there is no inter-cell DM RS randomisation between macro cell UEs and those UEs that are received via pico cell but use macro cell DM RS configuration. Hence, macro cell scheduling needs to take into account scheduling in all pico cells in order to avoid DM RS collisions. Additionally, UEs that are received via pico node can use different DM RS configurations – such as sequence groups and cyclic shift hopping patterns – which depend on the UEs’ cell association on DL. Hence MU-MIMO pairing is severely limited in pico cell. Thus, Rel-8/9/10 DM RS leads to unnecessarily complicated and restricted scheduling in the CoMP schemes that benefit from decoupled DL and UL cell selection without resorting to joint reception.
 Observation 2: 
Macro cell UE UL reception via pico cell leads to unnecessary scheduling restrictions in case of Rel-8/9/10 DM RS in CoMP schemes not resorting to joint reception
The situation can be solved easily by decoupling Cell ID used in PUSCH DM RS configuration (related to sequence group hopping, sequence hopping and cyclic shift hopping) from the PCI. The standard impact is also reasonable, isolated, and can be easily handled in the Rel-11 time frame. There are several alternatives how to configure, signal and control such Cell ID decoupling. For example, Rel-10 CA has defined several suitable features. Pico cell may be seen as a kind of SCC for macro cell UE as Rel-10 CA has already defined solutions e.g. for SCC configuration/activation/ deactivation as well as for cross-cell scheduling.    
Proposal 1: Consider decoupling of Cell ID used for PUSCH DM RS configuration from PCI and support for separate configuration of PUSCH Cell ID 
When inter-cell orthogonal Rel-8/9/10 DM RS is needed e.g. for joint reception, the same sequence group and cyclic shift hopping pattern over the CoMP coordination area is configured simply by setting 
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 to be the same on all individual cells. However, Rel-8/9/10 does not allow configuration of CoMP coordination area over any set of physical cell IDs. It is required that all cells within the CoMP coordination area have the same 
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value, as the value affects initialization of sequence group hopping, sequence hopping, and cyclic shift hopping. 
Observation 3: Inter-cell orthogonal DM RS is supported over only specific sets of physical cell identities in Rel- 8/9/10
In practice, this limitation needs to be taken into account when cells are configured for joint reception CoMP so that also legacy terminals can benefit from JR CoMP. However, there is no point to keep the same problem also for Rel-11 terminals. Especially, as the limitation on PCIs can be solved with limited standardisation effort simply by decoupling Cell ID used for PUSCH DM RS configuration from the PCI as proposed above.
2.2 Scheduling flexibility with inter-cell orthogonal DM RS
DM RS orthogonality in Rel-8/9 is based on cyclic shifts, which require that the same PRB allocation is used among all PUSCH transmissions having mutually orthogonal DM RS. During Rel-10 standardization, the benefit from PRB allocation flexibility e.g. in terms of enhanced FDPS with MU-MIMO was realized and OCC was introduced. However, OCC cannot work with slot-based sequence group hopping or sequence hopping.  It was agreed that sequence group hopping and sequence hopping can be disabled with UE-specific RRC signaling if necessary. 
However, Rel-10 OCC has two shortcomings from the viewpoint of inter-cell orthogonal DM RS:
· It can pair only two different PRB allocations, which is insufficient for flexible UL CoMP operation. Scheduling restrictions are faced already with intra-site CoMP of 3 sectors. At least 2 sectors will need to have the same PRB allocation, when intra-cell orthogonal DM RS is used over all sectors. 

· When sequence group hopping or sequence hopping is used, it is not possible to flexibly schedule an UE using OCC with Rel-8/9 UEs. Additionally, inter-cell DM RS randomization, except for cyclic shift hopping, is disabled when OCC is used. Inter-cell randomization is still an important feature to guarantee sufficient DM RS randomisation between CoMP coordination areas when sequence planning is not employed over the whole network.  

Observation 4: Rel-10 OCC supports only limited scheduling flexibility for CoMP.

IFDM is one method proposed to be studied further for increased PRB allocation flexibility [4]-[7]. However, IFDM can have degrading impact on channel estimation accuracy on high SNR as discussed in [8]. Additionally, IFDM will shorten the reference sequence per PRB, which has negative impact on interference estimation at eNB. Finally, IFDM requires introduction of new DM RS sequence lengths. If Rel-8 approach is followed, this means that a computer search is needed to find suitable new sequences for supporting also narrow PRB allocations. This can mean quite considerable standardization effort as learnt during Rel-8 WI. 
Alternative to IFDM method is to add a new base sequence – CoMP sequence – to each sequence group for CoMP DM RS purposes. The length of new sequence in the group is equal to system bandwidth. As with Rel-8/9/10 configuration, the same base sequence is used in all cells of CoMP coordination set. Up to 12 cyclic shifts are applied to the full-length base sequence to form a group of orthogonal sequences that are specific for CoMP coordination set. Each CoMP UE in the coordination set is assigned to one of the base sequence cyclic shifts. The difference to previous releases is that each UE uses only a portion from the sequence according to its PUSCH PRB allocation as a UE specific DMRS sequence. In this way, all CoMP UEs in the coordination set are guaranteed to have orthogonal DMRS resources, irrespective of their PUSCH PRB allocations. Figure 1 shows how 4 UEs with partially overlapping PRB allocations could obtain their respective DM RS sequences.

Advantages of this approach to improve PRB allocation flexibility for inter-cell orthogonal DM RS include:

· New DM RS sequences have essentially the same characteristics as Rel-8/910 DM RS sequences (see Appendix 1).

· Allows for full flexibility in PRB allocations.

· Sequence group hopping can be allowed.

· Simple to implement from the control signaling point of view as Rel-10 DCI signaling for cyclic shift and OCC can be re-used. 
· OCC could be used to render CoMP UEs orthogonal to legacy UEs when sequence group hopping is not applied.
It is also noted the standard impact is reasonable and well isolated as the approach requires only additions related to sequence groups, cyclic shifts and physical resource mapping.  

Proposal 2: Consider ways to increase PRB allocation flexibility for inter-cell orthogonal DM RS
Finally, it should be noted that any changes to DM RS mean effectively introduction of new DM RS mode (or configuration), as Rel-11 UE needs to support also Rel-10 DM RS simply due to initial access. It is natural that new DM RS mode would be configured by RRC. Additionally we see that dynamic switching between Rel-10 and Rel-11 DM RS mode should be considered. Such dynamic switching would efficiently support Rel-11 UE pairing with other Rel-11 UEs as well as with legacy UEs while allowing for orthogonal DM RS configuration in both cases.
Proposal 3: Consider dynamic switching between legacy DM RS and Rel-11 DM RS modes

[image: image6.emf]Base Sequence 

with CS1

Base Sequence 

with CS2

Base Sequence 

with CS3

Base Sequence 

with CS4

T

o

t

a

l

 

n

u

m

b

e

r

 

o

f

F

r

e

q

u

e

n

c

y

 

p

i

n

s

DMRS 

for UE1 DMRS 

for UE2

DMRS 

for UE3

DMRS 

for UE4

F

r

e

q

u

e

n

c

y

 

p

i

n

s

 

a

l

l

o

c

a

t

e

d

 

f

o

r

 

U

E

1


Figure 1. Illustration on DMRS sequence derivation for CoMP UEs in the CoMP coordination set.
3.  Summary
In this contribution, we considered Rel. 8-10 DM RS from the viewpoint of UL CoMP and made following observations:
Observation 1: It is beneficial to support UL reception via different cell than DL in heterogeneous networks 

Observation 2: Macro cell UE UL reception via pico cell leads to unnecessary scheduling  restrictions in case of Rel-8/9/10 DM RS in CoMP schemes not resorting to joint reception
Observation 3: Inter-cell orthogonal DM RS is supported over only specific sets of physical cell identities in Rel-8/9/10

Observation 4: Rel-10 OCC supports only limited scheduling flexibility for CoMP
We see that these limitations should be solved in Rel-11 and, hence, propose:

Proposal 1: Consider decoupling of Cell ID used for PUSCH DM RS configuration from PCI and support for separate configuration of PUSCH Cell ID 
Proposal 2: Consider ways to increase scheduling flexibility for inter-cell orthogonal DM RS
Proposal 3: Consider dynamic switching between legacy DM RS and Rel-11 DM RS modes
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Appendix 1 – Cubic metric and cross-correlation properties
Taking only a portion of Zadoff-Chu sequence to be used as DM RS degrades the CM properties of transmitted signal as well known. However, the degradation can be kept insignificant by selecting the set of base sequences to be used so that the CM degradation is minimized. Such a set of 30 base sequences (i.e. not supporting sequence hopping) was selected. Cdf of CM was measured over a subframe for the complete set of possible PRB allocations (both bandwidth and position) and cyclic shifts for QPSK data modulation. System bandwidth of 20 MHz was assumed in the evaluations; other system bandwidths are subsets of shown distribution. Resulting CM distribution is compared to corresponding CM distribution with Rel-8/9/10 DM RS in Figure 2. It can be noted that CM properties are degraded by 0.1 dB which can be considered acceptable.
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Figure 2.  Cubic metric cdf for proposed DM RS sequences and Rel-8/9/10 DM RS
Cross-correlation between sequence groups were also measured for the proposed set of 30 sequences as well as for Rel-8/9/10 sequence groups. Cross-correlations were measured over one slot in time and over one PRB in frequency to take impact from practical channel estimation filter length into account (i.e. partial cross-correlations were considered).  Possible PRB allocations both in bandwidth and position as well as cyclic shifts were considered in the evaluations. The resulting cross-correlation cdfs are shown in Figure 3. It can be noted that there is no significant difference.
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Figure 3. Cross-correlation cdf for proposed DM RS sequences and Rel-8/9/10 DM RS
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