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1 Introduction
During RAN1#68 meeting, the following working assumption on PUSCH DMRS enhancement was confirmed in Rel-11: 
· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
This contribution analyzes two alternative schemes for these enhancements and gives our viewpoints on the details of PUSCH DM RS for UL CoMP.
2 Background

It has been confirmed to enhance PUSCH DMRS with UE-specific configuration of base sequence and UE-specific configuration of CS hopping [5]. Two alternatives were proposed to achieve the targets:
Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
Alt 2: 

· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping
It was analyzed in [1] that pairing multiple UEs with unequal bandwidth allocation has higher priority to avoid complex inter-cell joint scheduling, which can be simply achieved by allocating the same CS hopping pattern but different OCCs for two DM RS symbols within a subframe. The detailed analysis can be found in [1] and the following can be observed.

Observations:

· 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.
· 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 Comparison between the two alternative schemes
The difference between Alt 1 and Alt 2 is that Alt 1 can configure base sequence and CS hopping independently while Alt 2 cannot. This section will analyze the benefits of independence. Note that only inter-cell DMRS orthogonality for UL CoMP and intra-cell (inter-point) interference randomization are discussed below, since intra-cell DM RS orthogonality and inter-cell interference randomization are already supported in Rel-10.
3.1 Inter-cell DMRS orthogonality and intra-cell interference randomization
For inter-cell DMRS orthogonality, the network can configure with UE-specific signalling different UEs with a) the same CS hopping patterns but b) different CS/OCCs. Condition b) has already existed in Rel-10. Since CS hopping pattern is determined by a pseudo-random sequence, the same initialization value for the sequence results in the same CS hopping pattern. Hence condition a) can be achieved by either directly assigning the same initialization value cinitCSH to the UEs or setting the virtual cell IDs for the UEs to achieve the same cinit. In other words, either Alt 1 or Alt 2 can support orthogonal PUSCH DM RS. The equation to calculate the initialization value is given below for reference [2].
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For intra-cell interference randomization, UEs controlled by different points within a cell should be allocated with different base sequences. The base sequence index is determined by 
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. The first item is usually the same within cell-cluster coverage. Hence assigning the different 
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 for UEs controlled by different points can achieve intra-cell interference randomization. This can be implemented for the UEs with adjusting NIDBSI and DSSBSI (i.e. UE-specific 
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 for base sequence index determination) with Alt 1, or setting the virtual cell IDs to achieve different 
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. That’s to say, either Alt 1 or Alt 2 can support interference randomization. The equation to calculate the base sequence group index is given below for reference [2].


[image: image10.wmf](

)

30

mod

)

(

PUSCH

ss

s

gh

f

n

f

u

+

=


(3)
Although either inter-cell DMRS orthogonality or intra-cell interference randomization can be supported with any of the two alternatives, however, the mixed benefits vary much due to the dependence between UE-specific base sequence and UE-specific CS hopping.

Consider a case where different cells points have different cell IDs in Fig. 1. In Rel-10, each cell schedules resources independently. UEs from different cells can be configured with different base sequences, so that many sequences randomly interfere with each other. In Fig. 1 a), the 7-cell coverage area can benefit from the interference randomization gain with 7 different base sequences. If Alt.1 is adopted to generate PUSCH DM RS in Rel-11, a similar interference randomization gain can be maintained, since the Rel-11 network can only configure CoMP UEs with UE-specific CS hopping pattern for orthogonality while keeping them with the same base sequences as the legacy UEs. The examples are shown in Fig.1 b), where eNB may configure CoMP UE 6 to adopt the same CS hopping pattern with UE 5 for orthogonality, while to adopt base sequence 6 for randomized interference for other UEs. In such case, although there are several CoMP UEs, interference randomization benefit with 7 base sequences can be kept.
However with Alt.2, once the network plans to configure UL CoMP transmission, a CoMP UE has to be configured with a UE-specific virtual cell ID for PUSCH DM RS generation, conducing simultaneous adjustment for the base sequence and CS hopping. As a result, the base sequence adopted by a CoMP UE will collide with another cell in the cell-cluster. An example is given in Fig.1 c), where CoMP UE0, 1, 2, 6 are configured with UE-specific virtual cell ID so as to align their CS hopping pattern with other UEs in respective cooperative cells. Due to the dependence between base sequence and CS hopping with Alt 2 (the same 
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 causes the same CS hopping pattern and the same base sequence index), only 3 base sequences are adopted in the area. (For example, UE 4, CoMP UE 0 and CoMP UE1 should be assigned the same virtual cell ID to achieve the same CS hopping. Due to the dependency, their base sequences become the same according to equation (1)~(3).) Consequently, the legacy UEs and non-CoMP UEs (e.g. UE4 or UE5) have to bear much more fluctuant interference in a Rel-11 system than Rel-10 systems. Note that the probability of non-CoMP UEs is much higher than the CoMP UEs [3], hence such impact cannot be neglected. 
Observation:

· The interference randomization effect in a Rel-11 system with Alt.2 is worse than Rel-10 systems, while Alt. 1 can keep similar randomization benefits with Rel-10.
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a) Rel-10
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b) Rel-11 with Alt1
c) Rel-11 with Alt2

Fig. 1 Interference randomization effect for Rel-10 system and Rel-11 system with the two alternatives 

3.2 Avoidance of consistent collisions
Based on the analysis above, since Alt 1 can independently configure UE-specific base sequence and UE-specific CS hopping, the network may only configure the same CS hopping pattern for CoMP UEs for orthogonality and different base sequences for them, hence avoiding consistent collisions of the base sequences. However, the network may suffer from consistent collisions of the base sequences for CoMP UEs with Alt 2 due to the dependence between base sequence and CS hopping.
3.3 Complexity and performance impact
Alt 1 may be more complex in signalling mechanism since Alt 1 requires 3 UE-specific parameters while Alt 2 needs only one. However, from the scheduling point of view, since Alt 1 can easily enable a network to benefit from either or both of DMRS orthogonality or interference randomization, it provides better flexibility than Alt 2, and such flexibility can enable the performance improvement with UL CoMP， MU-MIMO and interference randomization. Note that Alt 2 can be seen as a special case of Alt 1. In case Alt 2 is adopted, the network has to be very careful in configuration. The virtual cell ID should be selected to enable CoMP UEs with the same CS hopping pattern, to avoid base sequence collision between UEs without cooperation relation, and to keep the same base sequence to support intra-cell MU-MIMO for paired UEs. However, due to the dependency between base sequence and CS hopping pattern, the requirement above cannot be always satisfied, as interpreted in the example in Fig. 1. As a consequence, the performance gain from UL CoMP or MU-MIMO or their mix gain is quite limited with Alt 2.
3.4 Signalling overhead
Alt 1 requires 3 parameters, more than Alt 2. The parameters are preferred to be informed to UE mainly with RRC signalling in a semi-static way. Hence the two alternatives are basically equivalent in overhead. 
3.5 Support orthogonality with legacy UEs
Since the base sequence and CS hopping are independently configured with Alt 1, the network can have high freedom to enable Rel-11 UEs to transmit DM RS orthogonal with legacy UEs via different CSs, different OCCs or different CS&OCCs. Alt 2 can also support orthogonality between a Rel-11 UE and a legacy UE. However, the available options are less especially in an already-deployed network, so as to avoid interference fluctuation and impact to legacy UEs due to the dependency described above.
3.6 Network management
Rel-10 network management scheme (i.e. planning and hopping [4]) can be reused in a Rel-11 system with Alt 1 for interference randomization. To achieve orthogonal DM RS for CoMP UEs, the network needs only to adjust UE-specific CS hopping patterns for the UEs. However, Alt 2 has to carefully select the virtual cell ID for CoMP UEs, so as to achieve orthogonal DM RS without interference fluctuation and impact to legacy UEs. Rel-10 network management scheme cannot be reused with Alt 1.
Based on the analysis above, the comparison between Alt 1 and Alt 2 can be found below.

Table 1 Comparison between Alt 1 and Alt 2
	
	Alt 1
	Alt 2

	DM RS orthogonality to support UL CoMP
	Support
	Support

	Interference randomization
	Same as Rel-10
	Worse than Rel-10

	Avoidance of consistent collision
	Good
	Bad

	Complexity 
	Require more complex signalling mechanism but low scheduling complexity
	Require less complex signalling mechanism but high scheduling complexity

	Performance impact
	Negligible impact to UL CoMP and MU-MIMO performance 
	Limited performance gain with UL CoMP and MU-MIMO 

	Signalling overhead
	3 semi-static parameters
	1 semi-static parameter

	Support orthogonality with legacy UEs
	Free orthogonality with different CS, OCC or CS&OCC
	Less available options 

	Network management
	Rel-10 management scheme can be reused; simple improvement to support UL CoMP
	Rel-10 management scheme cannot be reused; require careful configuration


Consequently, it is proposed that Alt 1 is adopted for DMRS enhancements.
Proposal:

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
4 Parameter configuration

From the discussion above, Alt 1 is better than Alt 2. This section will discuss the signaling with assumption of Alt 1.
In a practical system, 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.
In order to reduce the overhead to dynamic signaling, some candidate CS hopping patterns may be configured in a semi-static way so that only dynamic triggering among them is needed, similar with the configuration for aperiodic SRS in Rel-10 [6]. For example, 3 CS hopping patterns may be informed to UE with RRC signaling, so that eNB may flexibly choose one out of the 3 patterns. In that case, only 2 additional bits are needed in UL grant. Such configuration can enable dynamic pairing with UEs from 3 neighbor cells.
Proposal:

· Semi-static configuration for CS hopping patterns and dynamic triggering can be considered to reduce dynamic signaling overhead.
To achieve interference randomization, UEs served by different points may be assigned different base sequences. Such a 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 effects of dynamic signaling 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 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 compares the current two alternative schemes for DMRS enhancements. Based on the analysis, it is observed that:
Observation:

· The interference randomization effect in a Rel-11 system with Alt.2 is worse than Rel-10 systems, while Alt. 1 can keep similar randomization benefits with Rel-10.
Based on the analysis, the following is proposed:

Proposal 1:

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH substitutes cinit in the CSH initialization (nPN(nS))
Proposal 2:

· Semi-static configuration for CS hopping patterns and dynamic triggering can be considered to reduce dynamic signaling overhead. It is suggested to adjust UE-specific base sequence with semi-static signaling.
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