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Discussion and Decision
1
Introduction
An objective of the 5G study item [1] it to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 

The performance of modern wireless networks is often limited by the interference between multiple communication links, including cross-link interference from adjacent cells, D2D / V2X side-links, backhauling links etc. Interference distorts the desired signal and reduces the probability of successful reception. This problem may be reduced via utilization of interference mitigation techniques. Thus, in order to enable efficient interference mitigation in TDD-based new RAT, it is important to define the design requirements for the new RAT concept and the support for interference mitigation receivers should be considered right at the beginning of the concept design process. The LMMSE-IRC is today’s baseline for LTE channels and hence widely used across different technologies. However, even a straightforward receiver structure as IRC requires a friendly system design which facilitates the estimation of the dominant interference covariance matrix. In this contribution we focus on aspects enabling efficient cross-link interference mitigation in the new RAT by using IRC. Frame structure design principles closely related to cross-link interference mitigation capabilities are covered more closely in [3]. We have also a separate contribution covering advanced receiver usage in new RAT [4] 
2
Cross-link interference mitigation
Interference limited scenarios require specific consideration especially in TDD. In order to facilitate feasible covariance matrix estimation in a TDD-based system, the interference to be cancelled should be aligned with the desired signal timing. Synchronization among cells takes care of the alignment of co-channel DL→DL, UL→UL interference at least when considering small cells. Also, in optimal case, the (cross-link) signals to be mitigated should have similar structure. In TD-LTE this is not the case since the transmitted signal waveform together with the reference and control signalling structures are different between DL and UL. Further, in TD-LTE, the DL→UL and UL→DL switching points are implemented by a special subframe and the guard period (GP) is divided among the two transition periods by means of Timing Advanced (TA). Consequently, as illustrated in Figure 1, it is not possible to provide full subframe alignment between UL and DL in TD-LTE. In case of different TDD configurations, the UL-DL mismatch is at least 20.3 us with zero-TA configuration if the adjacent nodes are synchronized.

Observation #1: Different UL/DL structure and the UL/DL timing limits the potential of cross-link interference mitigation on top of evolutionary TD-LTE system. It is not possible to orthogonalize the reference signals over cross-links.
[image: image1.png]



Figure 1. UL/DL timing in TD-LTE.
For LMMSE-IRC receiver, the knowledge of the interference covariance matrix needs to be available at the receiver. Demodulation reference signal (DMRS) could be used for the interference covariance matrix estimation. Typically interference covariance estimation is done by estimating the channels of the interferers. Preferably low cross-correlation between reference signals in the interfering links is required for proper channel estimation. Thus, UL/DL needs to have symmetric structure and DMRS needs to be located into same OFDM symbols and subcarriers. 

Proposal #1: In order allow efficient estimation of interfering signals, NR needs to have symmetric UL/DL design and DMRS needs to located into same OFDM symbols and subcarriers. 
The receiver needs to be aware of the reference signal sequences used by the interfering links. An important enabler for interference covariance estimation is to align demodulation reference signals in neighbouring cells so that UE can make cross-link interference covariance matrix estimation without explicit signalling of the resource allocation and UE identities in the neighbour cells. Thus, when designing DMRS, a key property is to allow UE to construct used reference signal sequences of neighbour cells. In general, demodulation reference signal sequence should be resource specific, not UE specific. The following ways to construct reference signals can be considered:

· Resource block (RB) specific RS sequences with cell specific root or scrambling sequence

· Construct RS sequence for larger allocation than resource block by stacking basic resource block (RB) specific RS sequences


· Layer specific sequences by orthogonal cover code if pseudo-random base sequence is used or by cyclic shifts if Zadoff-Chu sequence is used as a base sequence.
· RS sequence scrambled with cell specific ID and assume largest possible system bandwidth

· Align middle of the sequence always with the bandwidth centre
· Sequence elements only in the region of resource allocation are active

Proposal #2:  DMRS sequence should be resource specific to allow UE to construct interfering reference signals without explicit signalling
In order to realize feasible interference covariance matrix estimation, a stabilized interference covariance matrix for a certain time period should be enabled together with accurate enough covariance matrix estimation properties. Thus, the minimum scheduling unit in time needs to be limited to a subframe in order to enable utilization of the same covariance matrix over the whole subframe. Otherwise, the interference covariance may have large variations between different symbols leading to low quality covariance matrix estimates and consequently insufficient interference rejection capability of the receiver.  
Observation #2: Frequently alternating scheduling decisions in time leads to more complex interference covariance estimation with less accuracy and consequently insufficient interference rejection.  

Proposal #3: The minimum scheduling unit in time should be considered in conjunction with reliable interference covariance estimation at the UE.
3
Conclusions
In this contribution we have discussed cross-link interference mitigation in the new RAT. As a conclusion, we make the following observations and proposals:

Observation #1: Different UL/DL structure and the UL/DL timing limits the potential of cross-link interference mitigation on top of evolutionary TD-LTE system. It is not possible to orthogonalize the reference signals over cross-links.
Observation #2: Frequently alternating scheduling decisions in time lead to more complex interference covariance estimation with less accuracy and consequently insufficient interference rejection.  

Proposal #1: In order allow efficient estimation of interfering signals, NR needs to have symmetric UL/DL design and DMRS needs to located into same OFDM symbols and subcarriers. 

Proposal #2: DMRS sequence should be resource specific to allow UE to construct interfering reference signals without explicit signalling.
Proposal #3: The minimum scheduling unit in time should be considered in conjunction with reliable interference covariance estimation at the UE.
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