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1.
Introduction
In this contribution, we discuss some details about the UL DM RS configuration targeting to enhance UL CoMP operation.  At RAN1 #68bis, the following conclusions [1] were made:

· Working assumption is that a RRC configuration includes the following UE specific parameters, {VCID, cinitCSH}
·   VCID is used to derive base sequence

·   cinitCSH substitutes cinit in the CSH initialization

· Continue discussion on the following details:

·   A UE is RRC configured with N sets of PUSCH DM RS parameters, where N=2 or N=4

·   Whether instantaneous parameter values should be selected semi-statically or dynamically

In this contribution, we present our views on the above issues.
2.  Discussion on DM RS Configuration
We support the working assumption that a RRC configuration for DM RS includes the following two UE specific parameters, {VCID, cinitCSH}. In fact, these two parameters provide high flexibility in terms of inter-cell orthogonality and interference randomization. It should be then agreed how many sets of parameters should be configured for a UE and whether a particular parameter set should be selected in a semi-static way or dynamically by introducing new bits/states to existing DCI formats. 
In order to obtain high scheduling flexibility in different CoMP scenarios (including scenarios 1-4), a particular DM RS parameter set at any given time should be dynamically selected from RRC configured sets of parameters. The number of RRC configured sets of parameters should be decided on the basis of a balance between enhanced scheduling flexibility and downlink signalling complexity. 
Towards that end, we consider some example CoMP cases, including specifically CoMP Scenario 1 and HetNet CoMP Scenarios 3, and try to show that by selecting dynamically an instantaneous parameter set out of two RRC configured sets already significantly enhance scheduling flexibility, particularly when there is still a large number of legacy UEs in a network. Of course, a larger number of RRC configured parameter sets would yet further increase scheduling flexibility.
In Figure 1, there are two legacy UEs (UE1 and UE3) and one Rel-11 UE (UE2) connected to different sectors of a macro cell. In the illustrations below, we use the notation: (X,Y) = {VCID=X, cinitCSH=Y}. The Rel-11 UE is UE specifically configured with two sets of parameters (parameter sets are explicitly shown) and a specific parameter set can be selected dynamically for each allocation using e.g. DCI signaling. In the figure, the legacy UEs happen to locate at cell/sector edges and they would benefit from CoMP reception in uplink. In addition, the UE2 with UE-specific DM RS configuration locates in Sector C which could also be ideal choice for CoMP reception of UE1 and UE3. Now, if the CS hopping pattern of UE2 could be dynamically selected between that of Sectors A and B, the legacy UEs could be alternately co-allocated with UE2 via OCC, thus enabling flexible CoMP solution for legacy UEs in Scenario 1. On the other hand, if the DM RS sequence group of UE2 was based on the cell ID of Sector C, the co-channel interference caused by UE2 to potential other co-allocated (non-CoMP) UEs in Sectors A and B would be efficiently randomized.
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Figure 1. Illustration of Rel-11 UE configuration in the presence of two legacy UEs in Scenario 1.
In Figures 2 and 3, a Rel-11 UE with UE specifically configured DM RS parameters (UE2) may be co-allocated with two legacy UEs (UE1 and UE3) which are connected to different physical cells, UE1 to macro node and UE3 to pico node. Now, UE2 could be co-allocated with UE1 at one time instance via MU-MIMO pairing and with UE3, which may benefit from CoMP reception, at another time point by using the first and second DM RS configuration, respectively. Inter-cell orthogonality between co-allocated UEs in Figure 2 can be obtained via cyclic shift separation or by using OCC depending on whether the co-allocated UEs have equal or unequal bandwidths. In Figure 3, all or part of Rel-11 UEs form a virtual cell C with its own DM RS sequence ID. In this figure, UE2 may again be co-allocated with either UE1 or UE3 by using MU-MIMO pairing or CoMP reception since inter-cell orthogonality with legacy UEs can be obtained via OCC. An introduction of virtual cell within a macro cell may cause some scheduling restrictions for MU-MIMO pairing or CoMP reception due to limited dimensionality of OCC but, on the other hand, it may result in an increased number of DM RS resources that are needed if there is a large number of UEs in the network.
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Figure 2. Illustration of Rel-11 UE configuration in the presence of two legacy UEs in Scenario 3.

[image: image3.emf]Cell A

PCI=A

Cell B

PCI=B

UE 1

UE 2

UE 3

(A,A)

(B,B)













B) (C,

) A C, (

Virtual Cell C

(X,Y) = {VCID=X, c

init

CSH

=Y}


Figure 3. Illustration of Rel-11 UE configuration in the presence of two legacy UEs in Scenario 3 with a virtual cell concept being used to increase scheduling flexibility.
The above examples show how the dynamic selection between RRC configured DM RS parameter sets may actually considerable increase the scheduling flexibility in various CoMP scenarios while also increasing available DM RS resources when needed. Especially, the increase of scheduling flexibility may be significant when a number of legacy UEs in a network is high. Furthermore, necessary compromises between inter-cell orthogonality and inter-cell inference randomization can be obtained by properly defining the RRC configured parameter sets.
Proposal 1: Dynamic UE-specific assignment of sequence group and CS hopping pattern should be supported.

However, required signaling overhead as well as standardization effort pertaining to dynamic DM RS parameter selection should be kept at an acceptable level. One option could be to re-use some of the codepoints in the CIF-field in DCI formats 0 and 4 to indicate DM RS configuration in addition to the actual serving cell. This is possible since the size of CIF is rather large compared to what is typically needed for UL CA purposes, also from perspective of future CA evolution.  Additionally, there is no need to make a hard decision about the number of RRC configured sets, as the use of CIF provides rather flexible compromise between added flexibility of larger set and L1 signaling overhead. For example, the CIF-field of 3 bits could support
· 2 serving cells with indicators for 4 DM RS configurations per serving cell
· 3 serving cells with indicators for 2 DM RS configurations per serving cell
· 4 serving cells with indicators for 2 DM RS configurations per serving cell
· 5 serving cells out of which three serving cells may have indicators for 2 DM RS configurations 
Proposal 2: CIF-field in DCI formats 0 and 4 could be re-configured to be jointly used for CA purposes and for indicating DM RS configuration from a RRC configured set of configurations.
3.  Conclusions
We discussed the importance of dynamic selection of DM RS configuration from a RRC configured set of configurations. As a summary, we made the following proposals:
Proposal 1: Dynamic UE-specific assignment of sequence group and CS hopping pattern should be supported.
Proposal 2: CIF-field in DCI formats 0 and 4 could be re-configured to be jointly used for CA purposes and for indicating DM RS configuration from a RRC configured set of configuration.
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