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1. Introduction
In June 2012 3GPP workshop on Rel-12 and onward, a number of companies particularly pointed out the important role of advanced receivers in LTE evolution [1]- [6]. Interference suppression (IS) capable receivers can exploit multiple receive antennas to suppress interference for improved cell-edge throughput, even without any knowledge of the interference. Explicit interference cancellation (IC) receiver that can further take advantage of some knowledge of the interference, if made available to the UE by network, can further improve the cell-edge, as well as cell-average, spectral efficiency. In fact, both IS and IC receivers can benefit from network signaling assistance to achieve improved performance or robustness. We refer to them as “network-assisted” IS/IC receivers. 

A receiver-oriented approach to the co-channel interference problem that arises from intra-cell MU operation or multi-cell synchronous deployment, can complement the transmitter-oriented interference mitigation approaches that task the eNB to minimize any interference at the receiver end and thus require accurate channel state information.  

This contribution is to introduce possible options of including network-assisted IS/IC study in Rel-12. We will also share views on our preferred option, and possible scope and objectives of such study.  
2. Discussion
2.1 Applicable operational/deployment scenarios
To boost capacity in coping with the exponential traffic growth, both denser cell deployment and improved cell spectral efficiency are required. Deployment of heterogeneous nodes aims for cell-splitting gain, while MU-MIMO is a promising technique for improving the average cell throughput. In both scenarios, co-channel interference, either from inter-cell or co-scheduled intra-cell users, is expected to become the dominant limiting factor for achieving higher network capacity. 

We see the following two scenarios of key importance to LTE evolution:

· Intra-cell multi-user (MU) MIMO: A eNB will typically try to minimize the inter-user interference with appropriate precoding in case of MU. In residual interference cannot be mitigated, the sum throughput may be even lower than that for the single user case.  For this reason, eNB may not be able to find many UEs to be paired together at any given subframe. IS/IC receivers could significantly increase the chance for MU since post-precoding residual MU interference can be tolerated/handled at the receivers. MU-MIMO can provide sizable gain in cell average spectral efficiency. 

· Dense network with inter-cell interference:   In a dense network deployment, the spectral efficiency is interference limited. IC/IS receivers for MU could still be applicable, even though it is more complicated with the involvement of multiple schedulers instead of a single scheduler for MU cases. The potential gain for IS/IC receivers can also be significant. 
2.2 Receiver evolution
The following receiver implementations are already feasible with current state of art:

· Interference Rejection Combining (IRC) receiver: This type of linear receivers does not require any knowledge of the interference (whether from intra-cell MU or inter-cell), since only the covariance matrix of the interference is required which can be estimated from CRS or DMRS. Hence, there is no specification impact. Performance requirements for IRC receivers are being specified in RAN4 for Rel-11. According to RAN4 study, IRC can achieve up to 25% system-level Tput gain for 5%-tile (cell edge) users and up to 7% gain for cell average, which is very promising even in comparison with transmitter coordination techniques.

·  (Quasi) Maximum Likelihood receiver: This type of non-linear receiver can be used for SU-MIMO to separate mutually-interfering data streams. UE exploits only the QPSK/16QAM/64QAM modulation. The increased complexity of ML receiver from a conventional MMSE linear MIMO receiver is found acceptable, especially when there are only 2 layers at most for a dual-Rx antenna UE.

· (Successive) Interference Cancellation receiver: This type of non-linear receiver for SU-MIMO is already envisioned when dual-codeword MIMO was adopted in Rel-8.  UE can decode the first stream to re-construct the signal more reliably before cancelling it to decode the second stream.   In addition, the Rel-11 FeICIC feature already requires the cancellation of CRS which is a pilot signal made known to the UE. Basically, UEs may already support architectures to do IC. 
As we investigate the applicability of IC receiver to SU, MU, and inter-cell interference, the characteristics and knowledge about the interference may change, for example the number of interferers and their assigned resources are controlled by a single scheduler in SU/MU, but it can become more complicated with multiple schedulers in inter-cell cases, especially in case of multiple eNBs involved. Fortunately, as synchronous LTE deployment becomes more widely adopted, UE may still assume finite alphabet modulation (i.e., QPSK/16QAM/64QAM) for the interference, with little or no “contamination” of inter-subcarrier interference.  
It is expected that the receiver processing power will further benefit from improved chipset fabrication process.  According to the Rel-12 time plan with a stage-3 freeze in June 2014 and a subsequent performance specification 6 to 12 months later, we could see commercial deployment in 2016, by which time the more sophisticated iterative/turbo receivers may also become feasible. 
· Iterative/Turbo receiver: There are a lot of variants, depending on the processing included in each iteration, such as iterative processing to improve channel estimation, noise estimation, interference reconstruction, and so on. Hence, there is a wide range of complexity for iterative receivers, depending on the processing included in each iteration and also the number of iterations in general.  A good understanding of the feasibility and associated performance gain, both at link and system level, is of interest to LTE evolution. 
Overall, we may see that LTE receiver trends similarly to that in HSPA where the migration path has been type 2, 3, 3i receivers. It is timely in our view for Rel-12 to study the system impact of such receivers and to develop any necessary specification to fully unleash the potential of a joint transmission-receiver system design.
2.3 Receiver-oriented approach to co-channel interference
Historically much effort has been spent on transmission coordination to mitigate inter-user and inter-cell interference, for example via enhanced CSI feedback. On the other hand, Rel-11 study showed promising performance gain from practical interference suppression (IS) receivers that do not require any transmission coordination. Specifying interference rejection combining (IRC) receiver UE performance requirements in RAN4 is just a first step towards increasing the receiver role in the system design. Further enhancements to MU-MIMO and inter-cell interference mitigation at the receiver side could be achieved by increasing the degree of co-operation between the transmitter and the receiver. By utilizing the additional assistance information, if made available by the network to the receiver, further advanced interference mitigation algorithms can be considered. For example, iterative or non-iterative explicit interference cancellation (IC) may become feasible with side knowledge of the interference such as, but not limited to, the presence and characteristics of interference, its transmission schemes including allocation, its reference symbols for possibly enabling channel estimation, and its modulation and/or coding. 

Compared to transmission-side techniques whose performance degrades under imperfect channel knowledge at the transmitter side due to limited feedback, IS/IC receivers can alleviate the burden of channel feedback and support non-coherent transmission under either loose inter-cell coordination or large backhaul latency. 

2.4 Scope of the study 
In general the scope the study should target a receiver-aware system design.  This can include network assistance signalling and/or scheduling that can potentially make IC/IS more effective and robust, as well as link adaptation (e.g., CQI) improvement that can translate link-level improvement to system-level capacity gain. In particular, we should address the questions of:

1. What are the IS/IC receivers that are feasible and can be used as references?

2. What are the link- and system-level gains of the several identified reference receivers?

3. What is the assumed/required side information of the interference for the receiver to work? Are the assumptions practical?

4. What kind of network assistance can benefit the reference receivers?

5. What is the impact of any network assistance, including signalling overhead and possible constraint on schedulers?

6. How to enhance the link adaptation such as CSI reporting so that the link-level gain can be better translated into system gain? 
3. Proposal
We see two options to include a study of network-assisted IC/IS into Rel-12:
A. Create a separate study item on “network-assisted IC/IS”

B. Modify each of the two works items– “Enhanced DL-MIMO” and “enhanced CoMP”

3.1  
Option A: New SI on “Network-Assisted IC/IS”
An example of a new SID is given below for consideration and consolidation. We focus on only the “Justification” and “Objective” here.

------ text starts here ------------------------------------------------------------------ ------------------------------------------------
Justification *

To boost capacity in coping with the exponential traffic growth, both denser cell deployment and improved cell spectral efficiency are required. Deployment of heterogeneous nodes aims for cell-splitting gain while MU-MIMO is a promising technique for improving the average cell throughput. In both scenarios, co-channel interference, either from inter-cell or co-scheduled intra-cell users, is expected to become the dominant limiting factor for achieving higher network capacity. 

Historically much effort has been spent on transmission coordination to mitigate inter-user and inter-cell interference, for example via enhanced CSI feedback. On the other hand, Rel-11 study showed promising performance gain from practical interference suppression (IS) receivers that do not require any transmission coordination. Specifying interference rejection combining (IRC) receiver UE performance requirements in RAN4 is just a first step towards increasing the receiver role in the system design. Further enhancements to MU-MIMO and inter-cell interference mitigation at the receiver side could be achieved by increasing the degree of co-operation between the transmitter and the receiver. By utilizing the additional assistance information, if made available by the network to the receiver, further advanced interference mitigation algorithms can be considered. For example, iterative or non-iterative explicit interference cancellation (IC) may become feasible with side knowledge of the interference such as, but not limited to, the presence and characteristics of interference, its transmission schemes including allocation, its reference symbols for possibly enabling channel estimation, and its modulation and/or coding. 

Compared to transmission-side techniques whose performance degrades under imperfect channel knowledge at the transmitter side due to limited feedback, IS/IC receivers can alleviate the burden of channel feedback and support non-coherent transmission under either loose inter-cell coordination or large backhaul latency. 

Network-assisted IS/IC requires standardization effort, especially the network signalling aspects that can enable more effective and robust UE-side interference cancellation and/or suppression, as well as the link adaptation aspects that can translate link-level improvement of these advanced receivers to system-level capacity gain. It is also important to study the trade-off between enabling feasible and robust interference cancellation/suppression at the UE side and possible constraint to the scheduler and/or signalling overhead incurred by network assistance.  

Objective *

The objectives of the study item are the following:

In the first track, focus on intra-cell MU-MIMO scenario 

· Identify feasible reference interference cancellation/suppression receivers and the corresponding assumed side information of the interference. Examples include:

· A baseline IRC-based interference suppression (IS) receiver that assumes no knowledge of the interference 

· IS receivers where the estimation of interference channels is possible

· Receivers where explicit IC of interference is possible when further knowledge of the interference is available (e.g., modulation, coding)

· Iterative IC/IS receivers, with priority on the variants that are more feasible in terms of implementation complexity 

· Investigate link and system level gain of the reference IS/IC receivers, taking into account practical MU transmission under feedback overhead/error and realistic UE impairment modelling like channel estimation errors and signal reconstruction error in case of IC (including error propagation). 

· Identify network assistance signalling and/or scheduling that is suitable for the intra-cell MU scenarios and can potentially make IC/IS more effective and robust, as well as link adaptation (e.g., CQI) improvement that can translate link-level improvement to system-level capacity gain. 

In the second track, focus on multi-cell co-channel interference scenarios, taking into account the co-channel interference scenarios identified in Rel-11 HetNet and Rel-12 small-cell deployment 

· Investigate the applicability of the above reference IS/IC receivers for inter-cell interference scenarios, and the feasibility of their corresponding side information assumptions. 

· Evaluate the link and system level gain of IS/IC receivers, taking into account multi-cell deployment condition like network synchronization and propagation delay.

· Identify network assistance signalling and multi-cell coordination that can make IC/IS more effective and robust, as well as link adaptation (e.g., CQI) improvement.

The study will cover both TDD and FDD deployments, and both CRS based transmission (including PDSCH and PDCCH) and DMRS-based transmission (including PDSCH and ePDCCH). The study should consider high affinity to techniques and operation scenarios in other SI/WI (e.g., enhanced DL-MIMO, CoMP, further enhanced eICIC, enhanced receiver performance for LTE UE) and small-cell related WI/SI especially the aspect of co-channel interference handling.

------ text ends here ------------------------------------------------------------------ ------------------------------------------------
3.2  
Option B: Modification of other WIs
Addition to “Enhanced DL-MIMO” Rel-12 WID RP-120413

In the agreed scope of the Rel-12 DL-MIMO enhancement WI [7], the current objectives include:
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 
There is no mentioning of NW-assisted IC. But given that the identified scenarios and targeted MU-MIMO operation can also be shared in the IC study, we could add a separate bullet with a study nature to the WID. The added objectives could be something similar to the first-track objectives in option-A, i.e., 

------ added text to the objectives of RP-120413 -------------------------------- ------------------------------------------------
· Investigate the performance and system design aspects of interference cancellation and/or interference suppression receivers in MU-MIMO, including:

· Identify feasible reference interference cancellation/suppression receivers and the corresponding assumed side information of the interference. Examples include:

· A baseline IRC-based interference suppression (IS) receiver that assumes no knowledge of the interference 

· IS receivers where the estimation of interference channels is possible

· Receivers where explicit IC of interference is possible when further knowledge of the interference is available (e.g., modulation, coding)

· Iterative IC/IS receivers, with priority on the variants that are more feasible in terms of implementation complexity 

· Investigate link and system level gain of the reference IS/IC receivers, taking into account practical MU transmission under feedback overhead/error and realistic UE impairment modelling like channel estimation errors and signal reconstruction error in case of IC (including error propagation). 

· Identify network assistance signalling and/or scheduling that is suitable for the intra-cell MU scenarios and can potentially make IC/IS more effective and robust, as well as link adaptation (e.g., CQI) improvement that can translate link-level improvement to system-level capacity gain. 

  ------ Proposed text to ends here -------------------------------- ------------------------------------------------
Addition to “Enhanced CoMP” Rel-12 WID 
It is expected that enhanced CoMP will include non-ideal backhaul, which is typical for HetNet where co-channel inter-cell interference is the main issue to be addressed.  The problem setting is very similar to that for the NW-assisted IC study. It is hence possible to add a separate bullet with a study nature. The added objectives could be something similar to the second-track objectives in option-A, i.e.,
------ added text to the objectives of “enhanced CoMP” WID --------------------- ------------------------------------------------
· Investigate the performance and system design aspects of interference cancellation and/or interference suppression receivers in multi-cell co-channel interference scenarios, taking into account the co-channel interference scenarios identified in Rel-11 HetNet and Rel-12 small-cell deployment 

· Identify feasible reference interference cancellation/suppression receivers for inter-cell interference scenarios, and feasibility of the corresponding assumed side information of the interference. Examples include:

· A baseline IRC-based interference suppression (IS) receiver that assumes no knowledge of the interference 

· IS receivers where the estimation of interference channels is possible

· Receivers where explicit IC of interference is possible when further knowledge of the interference is available (e.g., modulation, coding)

· Iterative IC/IS receivers, with priority on the variants that are more feasible in terms of implementation complexity 

· Investigate link and system level gain of the reference IS/IC receivers, taking into account multi-cell deployment condition like network synchronization and propagation delay, as well as realistic UE impairment modelling like channel estimation errors and signal reconstruction error in case of IC (including error propagation). 

· Identify network assistance signalling and/or scheduling that is suitable for the inter-cell  scenarios and can potentially make IC/IS more effective and robust, as well as link adaptation (e.g., CQI) improvement that can translate link-level improvement to system-level capacity gain. 

  ------ Proposed text to ends here -------------------------------- ------------------------------------------------
3.3  
Comparison of Option A and B

	
	Pros
	Cons
	Comments

	Option A: new SID
	- Same starting point (i.e., the core of the study) can be ensured, i.e., study what ISI/IC receivers can do with what NW assistance. 
	- Co-channel interference scenarios are the same as will be addressed in the MIMO and CoMP WIs
	- Alignment with MU and inter-cell scenarios can be ensured without difficulty

- Alignment on a typical transmitter operation is also needed anyway for receiver study

	Option B: scope modification on “enhanced DL-MIMO” and “enhanced CoMP” WIs
	- Easier to ensure alignment in the co-channel scenarios
	- May loss some synergy and risk repeating the receiver-focus of the study

- Transmitter- and receiver-oriented perspective should complement with each other, not competing options
	


In light of the pros and cons of the two option, we prefer option-A.
Proposal: Create a separate Rel-12 study item on “Network-assisted interference cancellation/suppression”, instead of adding relevant aspects to the scope of “enhanced DL MIMO” and “enhanced CoMP” WIs.
3.4  
RAN1- or RAN4-led? 

We expect close involvement from RAN4, especially on feasibility of future state of the art receiver implementation. The study item is not just a performance issue. Network-assisted IS/IC requires standardization effort, especially the network signalling aspects that can enable more effective and robust UE-side interference cancellation and/or suppression, as well as the link adaptation aspects that can translate link-level improvement of these advanced receivers to system-level capacity gain. It is also important to study the trade-off between enabling feasible and robust interference cancellation/suppression at the UE side and possible constraint to the scheduler and/or signalling overhead incurred by network assistance.   
Proposal: The Rel-12 study item on “Network-assisted interference cancellation/suppression” can be led by RAN1 with close involvement from RAN4 on the receiver feasibility studies.
4. Conclusion 
In this contribution, we shared views on the need of a study item on network-assisted IS/IC study in Rel-12. We also discussed the scope and objectives of such study and introduced two options of including such studies in Rel-12. We propose:

Proposal: Create a separate Rel-12 study item on “Network-assisted interference cancellation/suppression”, instead of adding relevant aspects to the scope of “enhanced DL MIMO” and “enhanced CoMP” WIs.
Proposal: The Rel-12 study item on “Network-assisted interference cancellation/suppression” can be led by RAN1 with close involvement from RAN4 on the receiver feasibility studies.
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