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1 Introduction
A way forward [1] on Rel-9 dual-layer beamforming has been agreed in RAN1#58 and a LS has been sent to RAN4 in [2] to ask RAN4 to consider the performance requirements of this feature. This contribution discussed some possible approaches and considerations regarding performance requirements.
2
Background and General Considerations
2.1 RAN1 Background
In LS [2], the following overall descriptions of dual-layer beamforming were provided.


[image: image1.emf]RAN1 agreed to define a new single transmission  mode  for Rel - 9 and to use code division multiplexing  for demodulation reference signals transmitted on two new orthogonal UE specific antenna ports.      It was further agreed to support dynamic indication in or der to indicate which of the two UE specific  antenna ports to be used in case of rank - 1 transmission to a UE. The dynamic indication enables  assigning rank - 1 transmission to two UEs with different orthogonal demodulation reference signals on  the  same PDSCH  resources of  the  same serving cell.  A UE with rank - 1 PDSCH assignment will not be  aware of the presence/absence of a co - scheduled UE on the same PDSCH resources of  the  same  serving cell.  RAN1 has agreed that   in case of rank - 1 transmission, the UE cannot a ssume that the other  DM RS antenna port is not associated with PDSCH assigned to another UE.     Hence, at least two interference scenarios for each physical resource block may occur in the case of  rank - 1 transmission to a UE,      1.   When the other non - assigned an tenna port is not used , i.e., without intra - cell interference in the  serving cell  hence with inter - cell interference only   2.   When the other non - assigned antenna port is used for PDSCH transmission to another UE , i.e.,  with intra - cell interference in the servi ng cell  as well as inter - cell interference.     In case of rank - 2 transmission,  each of   the two  antenna ports  is  associated with transmission of  one  layer  to the UE.  


2.2 General Considerations
Since a new transmission mode with new antenna ports and DM RS patterns are defined for dual-layer beamforming, corresponding performance requirements are needed. Some basic considerations are similar to the discussions in earlier Rel-8 DRS demodulation requirements [3]

 REF _Ref200250932 \r \h 
[4]

 REF _Ref241317903 \r \h 
[5]

 REF _Ref241317905 \r \h 
[6] and some similar approaches can be reused in simulations and tests. For example, 1*2 SIMO BF channel model can be used for rank-1 transmission and an extended 2*2 version can be used in rank-2 transmission to avoid any assumptions about the eNodeB implementation. Some other parameters such as the update granularity in time and frequency can also be reused to derive minimum requirements. Most assumptions in the Annex E of [7] can still be applied.
However, there are some differences between dual-layer BF and Rel-8 BF. For example, in dual-layer BF it is possible to assign rank-1 transmission to two UEs with different orthogonal demodulation reference signals on the same PDSCH resources of the same serving cell, and the interference scenario are different in this configuration though there is no difference from a UE configuration’s perspective. This has been emphasised in RAN1’s LS [2] and accounting for this in test configurations is beneficial. It is proposed to incorporate some kind of interference cancellation algorithm when defining those requirements to ensure future system performance. 
Based on the above analysis, it is proposed to set up following scenarios of tests for dual-layer beamforming:

· Rank-1 Transmission -- The other port is not used

· Rank-1 Transmission – The other port is used by another UE

· Rank-2 Transmission

It should be noted that separate test cases are needed for TDD/FDD, TxD feedback mode / PMI based feedback. The discussions below are based on TxD feedback mode and requirements related to PMI based  feedback were also discussed. In addition, no need for differences in the testing approaches has been identified between TDD and FDD except for uplink-downlink and special subframe configurations. Some details are further explained in the following sections.
3
Possible approaches and test considerations
In this section we provided some detailed testing approaches and analysis based on the general considerations in section 2.
3.1 Rank-1 Transmission – The other port is not used
In this scenario, only one user is scheduled for each time-frequency resource. It is almost the same as current DRS test except for using different antenna port and DM RS patterns, the testing approach can be based on current Rel-8 demodulation framework as in [7]. 
Here are some basic ideas. Firstly, it is suggested to do test based on 1x2 SIMO scenario as current Rel-8 DRS test does, since only one data stream is transmitted and there is no difference between the processing of the signal from an array of beamforming transmit antennas and a single transmit antenna, and the exact beamforming algorithm are difficult to be incorporated into performance requirements as it is implementation dependent. Secondly, the model currently used in [7] can be reused to simulate the behaviour of the composite beamforming channel and it is also listed here as a reference:
Beamforming model:

The effective channel for the user-specific signal, including DRS, is defined as a product of a 2x2 MIMO matrix (assuming EPA5 profile) and a random single-layer 2x1 precoder, i.e. 
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where the codebook index j (Table 6.3.4.2.3-1 in [8]) changes randomly between every subframe and each PRB. Note that Heff is a 2x1 matrix representing a 1x2 SIMO channel. 

For PMI based feedback test, the basic principles may still be applied but the details are still FFS.  
3.2 Rank-1 Transmission – The other port is used by another UE
In this scenario, two users are scheduled in the same time-frequency resources. The DM-RS of the two layers are CDM multiplexed and different beamforming vectors are applied to those two users. Though UE cannot assume whether another port is currently in use or not, the transmitting signal and the interference scenario are different, and some form of interference cancellation is beneficial in this scheme. It is proposed to do transmission on one UE-RS port to the target UE along with transmission on another UE-RS port. Some of the considerations will be discussed below.

We may still use simplified transmit antenna model to circumvent the implementation of specific BF methods in the test. However, the usage of CRS precoder in 
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 as Rel-8 DRS test currently defined may be no longer suitable, since the correlation between the beamforming vectors of the two users
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will have a direct impact on the interfering level the target UE experienced and those properties should be accounted in the effective channel modelling. The transmitted signals can be modelled as:
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In which 
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In these equations, 
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are the two users’ user-specific signal respectively including DM-RS after resource mapping. The DM-RSs of the two users are orthogonal multiplexed on the same PDSCH resources based on CDM as described in [1]. 
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are the two users’ 2x1 beamforming vectors. A set of 
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 can be predefined as test vectors based on proper correlation between 
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, and we can choose a 
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randomly from the predefined set to simulate the effective beamforming channel. The update granularity can be set as the same to Rel-8 DRS.

Only the effective channel of the user under test, e.g. user one, needs to be defined for the test:
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The current definition of SNR can still be applied. Similar to PHICH, we can set 
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include energies of all the two users. 
For PMI based feedback mode, similar modelling method may also be incorporated. 
3.3 Rank-2 Transmission
This is an extension of current transmission mode 7 and basic ideas can be reused. It is proposed to extend the current channel model as following to incorporate 2 layers at the same time.
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In which 
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are dual-layer 2x2 CRS precoders as defined in Table 6.3.4.2.3-1 of [8]. Some minor adjustments may be needed and is still for discussion. One new issue is for SVD based precoding, the power gain for the two layers are significantly different and may need some special consideration.
PMI based feedback mode will not be discussed in detail since the modification is similar.
4
Conclusion
In this paper, we discussed the approaches and considerations regarding performance requirements introduced with dual-layer beamforming. For rank-1 transmission with other port not used and rank-2 transmission, most current test configurations can be reused. In order to better evaluate the UE’s ability to handle interference, in case of rank-1 transmission with the other port is used, we propose to do transmission on both ports while doing the test, and introduced new models for beamforming precoder.
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RAN1 agreed to define a new single transmission mode for Rel-9 and to use code division multiplexing for demodulation reference signals transmitted on two new orthogonal UE specific antenna ports. 


It was further agreed to support dynamic indication in order to indicate which of the two UE specific antenna ports to be used in case of rank-1 transmission to a UE. The dynamic indication enables assigning rank-1 transmission to two UEs with different orthogonal demodulation reference signals on the same PDSCH resources of the same serving cell. A UE with rank-1 PDSCH assignment will not be aware of the presence/absence of a co-scheduled UE on the same PDSCH resources of the same serving cell. RAN1 has agreed that in case of rank-1 transmission, the UE cannot assume that the other DM RS antenna port is not associated with PDSCH assigned to another UE.


Hence, at least two interference scenarios for each physical resource block may occur in the case of rank-1 transmission to a UE, 


1. When the other non-assigned antenna port is not used, i.e., without intra-cell interference in the serving cell hence with inter-cell interference only

2. When the other non-assigned antenna port is used for PDSCH transmission to another UE, i.e., with intra-cell interference in the serving cell as well as inter-cell interference.

In case of rank-2 transmission, each of the two antenna ports is associated with transmission of one layer to the UE.
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