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1 Introduction
According to the approved way forward [1], the following working assumptions were agreed:
· Working assumption on PUSCH DMRS enhancement in Rel-11
· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
· FFS whether the base sequence and CS-hopping are independently configured
· consider resulting UL DMRS capacity  in either approach
· consider compatibility with inter-point interference randomization
· FFS whether configuration is semi-static or dynamic
· base sequence and CS hopping configurations may be different
· coexistence of legacy UEs should be taken into account
· consider signalling overhead of either approach
· consider resulting UL system throughput from either approach
This contribution provides analysis for the possible enhancements with the working assumptions.

2 Usage cases for UE-specific base sequence and CS hopping

2.1 UE-specific configuration of base sequence
In Rel-10 design, the base sequence used for generating UL DM RS is configured with cell-specific signaling, i.e. UEs within the same cell adopt the same base sequence. Such design can benefit the system with low signaling overhead, easy control for interference randomization, etc [2]. However, it lacks the flexibility to enable DM RS generation to suit to the specific application scenarios [3-6]. 

When UE-specific configuration of base sequence is introduced, UEs within a cell may be configured with different base sequences. In CoMP scenario 1~3 (scenarios with different cell IDs for different points), the eNB may configure the UEs regarding a certain cell as the serving / cooperative cell with the same base sequence but different CS values to generate UL DM RS, so as to mitigate the interference among the UEs. (Note that the precondition is equal bandwidth allocation for the UEs.) In CoMP scenario 4 (scenarios with different points sharing same cell ID), UEs within the coverage of different points may also be configured with different base sequence, so that the inter-point interference can be randomized.
Observation:

· UE-specific configuration of base sequence may be utilized to support UL DM RS orthogonality for CoMP scenario 1~3 and inter-point interference randomization for CoMP scenario 4.
2.2 UE-specific configuration of CS hopping
In Rel-10 design, CS values for UL DM RS in different slots are different, so as to randomize the inter-cell interference (ICI). CS hopping configuration is also cell-specific; hence different cells adopt different CS hopping patterns. As discussed in previous meetings, it is commonly understood that such design causes it impossible to achieve UL DM RS orthogonality via OCC for UEs from different cells [3-6]. 
When UE-specific configuration of CS hopping is introduced, different UEs can be configured with the same CS hopping pattern. So the UL DM RSs from UEs from different cells may be orthogonal when different OCCs are configured for them to generate UL DM RS. Note that such orthogonality can be achieved even when the UEs are allocated with unequal bandwidths [4]. 
Observation:

· UE-specific configuration of CS hopping may be utilized to support inter-cell UL DM RS orthogonality for CoMP scenario 1~3.
2.3 Complementary usage of both techniques

From the analysis above, UL DM RS orthogonality for UEs from different cells can be achieved by either CS scheme (supported by UE-specific configuration of base sequence) or OCC scheme (supported by UE-specific configuration of CS hopping). From the scheduling point of view, independent scheduling for each point is preferred [7], since uplink bandwidth allocation depends on UE-specific conditions including the channel condition, PF factor, service types, etc. Hence OCC is the first choice to achieve UL DM RS orthogonality for UEs from different cells. On the other hand, since the capacity with OCC scheme is quite limited (only two OCCs including [+1 +1] and [+1 -1] are available), the CS scheme can be utilized as a supplementary scheme.
3 Configuration independence for base sequence and CS hopping 

The configuration for UE-specific base sequence and CS hopping was discussed in RAN1#67. According to the design for UL DM RS, it is possible to configure one parameter to achieve both orthogonality and interference randomization, for example, by introducing a virtual cell ID [8]. This design may be beneficial from inter-cell DM RS orthogonality point of view, but might affect other scenarios. According to [9], there are 4 scenarios for CoMP study. Scenario 1~3 have the same feature, i.e. the cell ID of different points are different, while the same cell ID is shared by geographically distributed points in scenario 4. The enhancements for PUSCH DM RS should target to suit these scenarios.

An example for application of UE-specific base sequence and CS-hopping in CoMP scenarios is shown in Fig. 1. Three points are included for each scenario.
Five kinds of UEs are shown for the scenarios: 
a) UE1 is served by Point1 (Cell1). Rel-10 design can be reused.

b) UE2 is controlled by Point2 (Cell2) but served by both Point1&2. UL DM RS from UE2 needs to be orthogonal with that of UE1, which can be achieved with OCC scheme (to configure the same CS hopping pattern with UE1 for UE2; and assign different OCCs to them). Note that UE1 and UE2 can be paired with unequal bandwidths.
c) UE3 is served by Point 1&3 (Cell1&3). UL DM RS from UE3 needs to be orthogonal with UE1 & UE2. Since both OCC are occupied by them, UE3 may be allocated with the same base sequence with UE1 (or UE2) but different CS values to them for orthogonality. 

d) UE4 is served by Point4. Since there are multiple points in Cell 4, a lot of UEs (e.g. UEs served by Point6) may use the same base sequence with UE4 and cause great interference to it. Hence the UEs served by a point may be configured with a point-specific base sequence, so that different points correspond to different sequences (e.g. sequences for UE4 from Point4 and UEs from other points are different) so as to benefit from reduced interference and interference randomization with SGH.
e) UE5 is served by Point 5&6. Similarly with UE4, UE5 may be allocated with a Point5-specific base sequence for interference randomization. Or for orthogonality with other UEs, UE5 needs to be allocated with the same base sequence and CS hopping with them, so as to enable DM RS orthogonality with OCC scheme.
From the example above, it can be easily understood that UE-specific base sequence and CS-hopping have different application scenarios, hence it is suggested that they are independently configured.

Proposal:

· UE-specific base sequence and CS-hopping are independently configured since they have different application scenarios.
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a) Scenario 1~3







b) Scenario 4

Fig. 1 Application of UE-specific base sequence and CS-hopping in CoMP scenarios

4 Semi-static or dynamic configuration

From the discussion above, the enhancement for DM RS includes inter-point DM RS orthogonality and interference randomization.
As discussed above, each cell usually schedules uplink transmission independently. Hence a CoMP UE may be allocated resources overlapped with different UEs from other cells in different TTIs, which requires CS hopping pattern to change TTI by TTI for DM RS orthogonality with OCC scheme. Fig. 2 gives out an example for UL CoMP, where CoMP UE1~3 are controlled by cell 1~3, respectively. Due to independent scheduling for each cell, the PRBs overlap differently for different TTIs. In 1st TTI, UE1 and UE3 are allocated with different PRBs, while UE2 is allocated with PRBs partially overlapped with UE1 and UE3. OCC [+1 +1] can be allocated to UE1 & UE3 whilst OCC [+1 -1] can be allocated to UE2 for DM RS orthogonality. Similarly in 2nd TTI, OCC [+1 +1] can be allocated to UE1 & UE2 whilst OCC [+1 -1] can be allocated to UE3. In 3rd TTI, UE1 & UE2 are allocated with the same PRBs, partially overlapped with that for UE3. Hence UE1 & UE2 can be assigned with same OCC [+1 +1] but different CS values, whilst UE3 can be assigned with OCC [+1 -1] for orthogonality.
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Fig. 2 An example for dynamic pairing for UL CoMP
From the example, UE1’s DM RS has to be orthogonal with UE2’s from cell 2 in 1st TTI, UE3’s in 2nd TTI and both UE2’s and UE3’s in 3rd TTI due to the independent scheduling. In other words, CS hopping pattern for UE1 should align with UE2 in 1st TTI but align with UE3 in 2nd and 3rd TTI. In fact, this can be achieved by assigning the same CS hopping for all the three UEs in a semi-static way. However, such implementation incurs great ICI when extended to all UEs in a network, i.e. all UEs in the network adopt the same CS hopping pattern. Moreover, the semi-static way precludes legacy UEs from enjoying the benefit from UL CoMP since they cannot recognize UE-specific signaling to adjust CS hopping. Consequently, to avoid constraint to the scheduling and resulting throughput degradation, and to enable legacy UE to be paired with Rel-11 UEs, it is suggested to adjust CS hopping pattern with dynamic signaling.

Proposal:

· It is suggested to adjust UE-specific CS hopping pattern with dynamic signaling, considering the impact to UL system throughput and coexistence of legacy UEs.
To achieve interference randomization, UEs served by different points may be assigned with different base sequences. Such configuration can imitate cell planning in Rel-8, i.e. UEs served by the same point are configured with the same base sequence and different points correspond to different base sequences [2]. The design can help simplify the interference management and benefit uplink transmission. In such case, semi-static signaling is preferred to dynamic signaling, since the dynamic way may cause larger interference fluctuation. Moreover, little signaling overhead is introduced.
Note that although UE-specific base sequence can also be utilized to achieve DM RS orthogonality, semi-static configuration won’t impact much the flexibility to achieve orthogonality. The reason is that UE-specific base sequence is only the second choice for orthogonality due to its equal bandwidth allocation constraint.
Proposal:

· It is suggested to adjust UE-specific base sequence with semi-static signaling.
5 Conclusions
This contribution investigates issues related to UE-specific base sequence and UE-specific CS hopping. It can be observed from the analysis that:
· UE-specific configuration of base sequence may be utilized to support UL DM RS orthogonality for CoMP scenario 1~3 and inter-point interference randomization for CoMP scenario 4.
· UE-specific configuration of CS hopping may be utilized to support inter-cell UL DM RS orthogonality for CoMP scenario 1~3.

Based on the observations, it is proposed:
· UE-specific base sequence and CS-hopping are independently configured since they have different application scenarios.
· It is suggested to adjust UE-specific CS hopping pattern with dynamic signaling, considering the impact to UL system throughput and coexistence of legacy UEs.
· It is suggested to adjust UE-specific base sequence with semi-static signaling, so as to enable easy interference management and avoid large interference fluctuation.
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