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1
Introduction
It was decided in 3GPP RAN1 Meeting #50 in Athens, that when cyclic shift is indicated dynamically, 3 bits in the UL grant (on PDCCH) indicate up to 8 cyclic shifts per sequence. The motivation for using multiple cyclic shifts within a cell is related to the Multi-user MIMO operation.

This contribution proposes an improvement for MU-MIMO operation providing decreased cross-correlation properties between reference signals of different MU-MIMO users. We note that there are two different situations between different MU-MIMO users, shown in Figure 1, one with equal bandwidth allocation and another with non-equal bandwidth allocation. The existing cyclic shift separation works fine in case of equal bandwidth allocation. However, the orthogonality between the reference signals is lost if the transmissions involved in MU-MIMO have different transmission bandwidth.
[image: image2.emf]Frequency



UE1



 UE2

Frequency



UE1



 UE2


a) b)

Figure 1. Multi-user MIMO arrangement with a) equal bandwidth allocation and b) different bandwidth allocation.
2
Current Situation 
Demodulation reference signals need to have very low cross-correlation in MU-MIMO transmission. In the LTE UL, zero-autocorrelation codes are used as reference signals. Hence, different cyclic shifts of a reference signal can be used as orthogonal reference signals in MU-MIMO. However, as discussed earlier, orthogonality between the reference signals is lost if the transmissions involved in MU-MIMO have different bandwidth (i.e. number of physical resource blocks (PRB)).

Multi-user MIMO with multiple bandwidths has been discussed in [1]. It proposes several demodulation reference signal (DM RS) arrangements for MU-MIMO transmissions with multiple bandwidths. The motivation for these proposals has just been to avoid scheduling restrictions due to the requirement of the same bandwidth among MU-MIMO transmissions. DM RS transmission in only one slot is considered and because of that solutions have some drawbacks; DM reference signals are not fully orthogonal, or spectral density of DM RS is unnecessarily reduced at least for one UE involved in MU-MIMO, or low CM properties are lost. These deteriorate in turn channel estimation performance.

It should be noted that UE pairing in MU-MIMO transmission in practice requires channel information that is still valid at the time of transmission. Thus the MU-MIMO transmission is limited to cases with relatively low Doppler frequency.  In such case, there is no need for frequency hopping between slots. 
3.
Proposed scheme
Optimized multi-bandwidth MU-MIMO transmission requires that DM RS with different bandwidths are orthogonal. Orthogonality can be obtained by applying orthogonal cover code over the DM RS blocks within TTI, as shown in Figure 2. We propose that Walsh-Hadamard codes of [1, 1] and [1, -1] are applied as orthogononal cover codes. 
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Figure 2. Orthogonal cover applied for DM RS of MU-MIMO users.
The number of different bandwidths for which DM RS can be orthogonally multiplexed is two. Reference signals for the UEs with the same bandwidth can also use the same orthogonal cover code but different cyclic shift (i.e. equivalent to existing solution). At the UE side, proposed scheme requires DM RS multiplication with orthogonal cover code.
We note that additional cover codes are used on top of existing cyclically shifted DM RS. This means that cross-correlation properties between the reference signals can be improved without any degradation on the existing cross correlation properties. 
Proposed DM RS arrangement is simple to implement and allows for orthogonal DM RS between multi-bandwidth MU-MIMO transmissions. This improves channel estimation accuracy.  There are no disadvantages on the use of orthogonal cover code: the use of MU-MIMO is naturally limited to sufficiently low Doppler frequencies so that the cover codes remain orthogonal in practice.
Signaling:

The dynamic selection of used orthogonal cover is signaled to UE in the UL scheduling grant. For example RRC message is sent to UE indicating a set of cyclic shifts and orthogonal cover codes that are allowed to be used by the UE to differentiate demodulation reference signals in MU-MIMO transmissions. UL scheduling grant can then dynamically indicate the selected pair of cyclic shift and orthogonal cover code from the set defined by the RRC message. An exemplary orthogonal DM RS assignment protocol could be described by:   
· The possible use of multiple orthogonal DM RSs within a cell is supported

· In case of multiple orthogonal DM RSs within a cell, the UE is informed as part of the UL grant which orthogonal DM RS to use in the first slot

· When Orthogonal DM RSs is indicated in the UL grant, 3 bits in the UL grant (on PDCCH) indicate up to 8 orthogonal DM RS resources
· Orthogonal DM RSs are generated using different cyclic shifts and different orthogonal covers codes of length 2 ([1, 1], [1, -1] )  

It should noted that there is no need to ‘turn off’ orthogonal cover code even if it is not utilized. Hence, alternatively, a particular DM RS resource could always mean the use of certain orthogonal cover code. In such case, no additional RRC signaling is required, and the used orthogonal cover code could be defined e.g. by:  
· Orthogonal DM RSs corresponding to resource numbers[0, 1, 2, 3] utilize always orthogonal cover code of [1,1]
· Orthogonal DM RSs corresponding to resource numbers [4, 5, 6, 7] utilize always  orthogonal cover code of [1,-1]
4
Summary
This contribution discussed DM RS allocation with Multi-user MIMO. We noted that there is an orthogonality problem related to DM RS with MU-MIMO UEs having different RB allocation. 
We propose to have orthogonal cover code over the DM RS blocks within TTI. We propose that Walsh-Hadamard codes of [1, 1] and [1, -1] are applied as orthogononal cover codes.
We note that existing dynamic signaling included in UL grant (3 bits) is enough also in case when orthogonal cover code is used between reference signals of different MU-MIMO UEs. Regarding to configuration of these DM RSs, we note that two alternatives exist: 

· Additional information field in DM RS configuration: Orthogonal cover codes are configured together with orthogonal cyclic shifts 
· No additional signalling: particular DM RS resource could always mean the use of certain orthogonal cover code
References

[1] R1-073960, “UL RS for MU-MIMO”, Nortel
