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1. Introduction

Many LTE devices are expected to be equipped with a single receiver (1RX) chain in order to achieve cost reduction, reduce power consumption or meet small device size constraints. In particular, single RX chain IOT devices can be used in a variety of different use cases including wearables devices. Such type of LTE devices may typically support higher data rates comparing to the low-cost MTC applications and have more flexibility in terms of baseband implementation complexity.

In the LTE Rel.11-14, multiple enhancements of UE advanced receiver for the interference-limited environments were introduced including LMMSE-IRC, CRS-IM, SU-MIMO IS/IC, NAICS, and other receivers types. All these enhancements were defined for the devices equipped with either 2 or 4 RX chains. Meantime, the existing UE demodulation performance requirements for 1 RX UEs are defined for the noise limited scenarios and are based on the interference-unaware receive processing. Advanced interference suppression/cancellation (IS/IC) receivers can be used to improve the performance in the interference-limited conditions which are rather typical for the modern LTE deployments. In particular, CRS-IM functionality is considered to be a viable candidate to improve the single RX chain UEs performance in the interference limited conditions. 

In RAN #76 meeting a new RAN4 WI “LTE CRS-IM Performance Requirements for Single RX Chain UEs” (1RX CRS-IM WI) was approved and has the following objectives [1]:
	The work item has the following objectives:

· Phase I:

· Investigate the general impact of CRS-IM on power consumption, complexity and throughput gain for the UEs equipped with 1Rx chain 

· Investigate the feasibility of CRS-IM receivers for the UEs equipped with 1 RX chain

· Identify target scenarios including deployment scenarios, interference models, and others. 
· Reuse Rel-13/14 CRS-IM assumptions as the starting point.

· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled interference cell(s)

· Evaluate the CRS-IM performance benefits for the Single RX chain UEs

· Phase II:

· After completion of Phase I, specify UE demodulation and CSI reporting performance requirements for the UEs equipped with 1 RX chain
The work should be done under the following assumptions:

· Target device types

· Rel-14 Cat1bis (UE Cat 1 with 1 RX) devices

· Rel-14 FeMTC devices

· Consider both 2 and 4 CRS APs scenarios

· Focus on Non-colliding CRS scenarios


In this contribution we provide our views on the single RX chain CRS-IM feasibility, scenarios, reference receivers as well as impacts on implementation. 
2. Discussion
2.1 Target device types / UE categories
In accordance to the WID [1] the Single RX chain CRS-IM operation is considered at least in application to the Cat1bis (Cat1 with 1RX) and FeMTC Cat M2 device categories. In our view, overall any 1RX device may potentially get benefits from using CRS-IM. So, it may be beneficial to introduce performance requirements for a variety of device categories without limiting to the UE categories mentioned the WID. In particular, we suggest the following approach for the requirements definition:
· First priority: 
· Cat1bis (UE Cat 1 with 1 RX) 
· CatM2
· Second priority: Other 1RX device categories (e.g. CatM1)
Proposal #1:
Investigate 1RX CRS-IM feasibility and specify requirements for the following UE types:
· 1st priority: Cat1bis (UE Cat 1 with 1 RX), CatM2

· 2nd priority: Other 1RX device categories (e.g. CatM1)

2.2 Scenarios and assumptions

2.2.1 CRS scenarios

Based on the work item description the 1RX CRS-IM operation is considered in application to the 2 and 4 CRS APs scenarios in the neighbouring cells. We would like to note that the 2RX and 4RX UEs CRS-IM requirements are defined in application to both scenarios and similar approach would fit to 1RX UEs as well in order to ensure wider applicability of the feature. 
The Rel-14 Enhanced CRS-IM performance requirements are defined under assumption that the first dominant interferer has non-colliding CRS pattern, while the second dominant interferer has colliding CRS. Similar approach can be for single RX chain CRS-IM scenarios.
Proposal #2:
Investigate 1RX CRS-IM feasibility and specify requirements for the following CRS scenarios:
· 2 and 4 CRS APs

· Non-colliding CRS dominant interferer and Colliding CRS 2nd dominant interferer (Cell ID pattern (S, I1, I2) = (0,1,6))

2.2.2 Physical channels

In general, CRS-IM receivers can be applied in order to improve both data (PDSCH) and DL control channels (PDCCH, PHICH, PCFICH, EPDCCH, MPDCCH) performance. Both types of requirements are considered as important to ensure proper system performance and have already been specified for 2RX and 4RX capable UEs. For single RX chain CRS-IM, similarly it would be reasonable to consider enhancements of both PDSCH and DL Control channels performance. Meantime, data channels improvement has more system impact and should be given higher priority. Also, per Rel-14 discussion the requirements for PHICH and EPDCCH may be given low priority. In summary, we suggest to focus on the following physical channels for CRS-IM analysis/requirements:
· First priority: PDSCH
· Second priority: Cat1bis PDCCH/PCFICH; CatM MPDCCH
The following physical channel parameters are recommended for the initial analysis of 1RX CRS-IM performance:

· Cat1bis 

· PDSCH

· PDSCH TM4 and TM9 can be considered similar to the Rel-14 CRS-IM requirements. 
· FRCs: Rank 1 + QPSK 1/3; Rank 1 + 16QAM 1/2; Rank 1 + 64QAM ½

· PDCCH/PCFICH

· PDCCH AL 2, 4

· CFI = 1 or 2 

· CatM2 (CatM1)

· PDSCH

· TM6 can be considered at the initial stage. FFS if TM9 and TM2 requirements are needed. 

· FRCs: QPSK 1/3; 16QAM 1/2
· Focus on CE mode A
· Focus on scenarios without repetitions.

· Reuse TS 36.101 test case 8.11.1.1.1.1 as the starting point
· MPDCCH

· Focus on CE mode A

· Single repetition level as the starting point.
· MPDCCH AL 8
Proposal #3:
Investigate 1RX CRS-IM feasibility and specify requirements for the following physical channels:
· 1st priority: PDSCH

· 2nd priority: Cat1bis PDCCH/PCFICH; CatM1/CatM2 MPDCCH

2.2.3 Interference models
In accordance to the WID [1], Rel-13/14 CRS-IM assumptions are recommended to be used as the starting point. Assuming that RAN4 already spent a lot of efforts on the discussions on the interference profiles it may be reasonable to reuse the same profiles as the ones used in the Rel-13 and Rel-14 CRS-IM requirements. 
For PDSCH (and MPDCCH) analysis we recommend to consider CRS-IM profiles from Rel-13 SI/WI [2] which are defined for the Homogeneous deployments and focus on cell-edge UEs. The profiles are defined for different neighbouring cell loading levels and also represent a CDF of possible values (different Sets of values). For the Rel-13 and Rel-14 CRS IM requirements 20% interference PDSCH loading with per TTI basis granularity was used for the definition of the UE demodulation performance requirements. In addition, during the SI stage studies a range of loading values was evaluated (from 10% to 50%). For the 1RX CRS-IM requirements, similar partial loading scenarios can be considered. For the evaluation purposes a range of possible loadings can be used (e.g. 0%, 10%, and 20%)
· Profile 1: Loading 0%, Set 10, INR1 = 15.81 dB, INR2 = 10.5 dB

· Profile 2: Loading 10%, Set 10, INR1 = 11.75 dB, INR2 = 5.69 dB 

· Profile 3: Loading 20%, Set 10, INR1 = 10.45 dB, INR2 = 4.6 dB

Furthermore, the Rel-13/14 CRS-IM requirements are defined for interference model with 80%/20% distribution of interference rank 1/2 transmissions with per subband modelling granularity. A similar methodology can be used for 1RX CRS-IM.

For the control channels analysis the Rel-13 CCIM interference profiles can be considered as a starting point (INR1 = 13.91 dB; INR2 = 3.34 dB).

Proposal #4:
Investigate 1RX CRS-IM feasibility and specify requirements for the following interference models:
· PDSCH: Reuse Rel-13/14 CRS-IM interference model with per-TTI interference presence modelling. Further evaluate performance for the case of 0%, 10%, and 20% RU.

· MPDCCH: Same model as for PDSCH.

· PDCCH: Reuse Rel-13 CCIM interference model and power profiles.

2.3 Reference receivers

In general, different CRS-IM algorithms can be considered in order to enable efficient CRS interference handling for 1RX case (e.g. power scaling and explicit interference cancellation). However, in accordance to the previous RAN4 discussions we believe that it is not possible to agree on the particular algorithm and it should be left up to UE implementation. Meantime, RAN4 should ensure that the minimum performance requirements are defined in a wat to ensure that UE efficiently handles the interference.
CRS-IM operation may have impact on the UE implementation complexity. In order to keep it at reasonable level and allow UE vendors certain flexibility of implementations it is recommended to introduce the minimum performance requirements under assumption of single cell interference handling. Overall, such approach is aligned with previous RAN4 studies, which have shown that the key CRS-IM gains come from the suppression of the first dominant interferer. 
In accordance to the Rel-14 discussions, UEs may potentially be capable of blind CRS assistance information detection including the number of CRS APs and Cell ID. Meantime, such capability is considered as an optional one and there is no final decision if it should be introduce. To avoid overlapping discussions we recommend to come to certain conclusions in the Rel-14 WI first and then come back to the respective discussion in application Rel-15 1RX CRS-IM. Meantime, the analysis can be conducted under assumptions that eNB provided CRS assistance information on the neighbouring cells.

Proposal #5:
Reference 1RX CRS-IM receiver assumptions 

· Single dominant interference cancellation
· Assume CRS assistance is available for studies / requirements definition. Further discuss blind detection of CRS parameters.

2.4 Impact on complexity and power consumption

In accordance to the WI objectives, RAN4 needs to “Investigate the general impact of CRS-IM on power consumption, complexity, …”. In this section we share our views on the two items.
UE complexity impacts
In general, we want to note that the “UE complexity” is a very much implementation specific topic and particular complexity assessment may substantially vary from one UE vendor to another UE vendor. Furthermore, the complexity should be assessed in application to the target device type. For example, certain block can cause marginal complexity increase for chipsets employed in high-end devices, while same block can cause much larger overhead for very low cost devices. In our view, RAN4 should discuss certain assumptions on how to keep the complexity at acceptable level for different use cases. Below, we share general considerations on the factors which contribute to 1RX CRS-IM implementation complexity: 
· CRS-IM algorithm: Per discussion above, the particular implementation algorithm is usually very much implementation specific and difficult to be standardized. 

· Number of handled cells: In order to limit complexity it is recommended to define requirements under assumption of single cell interference mitigation.

· Number of handled CRS APs: The complexity depends on the number of handled CRS APs. In order to allow flexibility of UE implementations, different UE capabilities/features can be considered for 2 and 4 CRS APs. Then, depending on particular implementation complexity UE vendor can decide on the set of supported features.
· Supported physical channels: The complexity also depends on the set of physical channels where CRS-IM is used. Similar to 2RX CRS-IM features, separate UE capabilities can be considered for data and control channels to allow more flexibility in terms of UE implementation.

Proposal #6:
Confirm that 1RX CRS-IM UE complexity is acceptable 
Power consumption

Power consumption is another non-trivial factor which is rather difficult to be numerically assessed in RAN4. The additional impact on power consumption from CRS-IM would depend on multiple factors:
· Additional baseband power consumption due to CRS-IM receiver which depends on the number of computation operations (algorithm, number of handled interference cells, number of CRS APs, physical channels, etc)
· Proportion of power consumption between TX & RX operation

· Proportion of power consumption between RF and BB processing

· Amount of time used for the PDSCH/PDCCH signals reception.

· CRS-IM activation algorithm assumption (different criteria can be used and they may include interferer power level, SNR conditions, traffic conditions, etc).
All these factors are difficult to quantify and the analysis requires field trials and testing to provide particular data on power consumption. Collection of such data is obviously not in the scope of the work item and in our view RAN4 should aim to identify if there are any “critical” issues with power consumption that may be caused by the introduction of 1RX CRS-IM.
In our understanding, introduction of CRS-IM has marginal impact on power consumption and furthermore under certain conditions may even have positive impact. In the interference-limited scenarios IM features usually result in much better link quality and, hence, result in a smaller amount of resources required for the transmission of a fixed packet (e.g. VoIP packet or FTP packet). The UE power consumption is typically driven by the amount of active TX/RX time. The overall reduction of time required for the packet reception has positive impact on UE power consumption. Hence, positive impact on power consumption can be expected under certain scenarios.
Proposal #7:
Confirm that 1RX CRS-IM impact on UE power consumption is acceptable
2.5 Performance impacts

In the companion paper [3] we provide the initial simulation results to assess the 1RX CRS-IM performance benefits. In accordance to the simulation results, 1RX CRS-IM may provide substantial performance improvement for a variety of scenarios for both PDSCH and PDCCH.

Proposal #8:
Confirm that 1RX CRS-IM may provide substantial PDSCH and PDCCH performance improvement.
3. Conclusions

In this contribution we provide our views on the single RX chain CRS-IM feasibility, scenarios, reference receivers as well as impacts on implementation. In summary, we make the following proposals
Proposal #1:
Investigate 1RX CRS-IM feasibility and specify requirements for the following UE types:
· 1st priority: Cat1bis (UE Cat 1 with 1 RX), CatM2

· 2nd priority: Other 1RX device categories (e.g. CatM1)

Proposal #2:
Investigate 1RX CRS-IM feasibility and specify requirements for the following CRS scenarios:
· 2 and 4 CRS APs

· Non-colliding CRS dominant interferer and Colliding CRS 2nd dominant interferer (Cell ID pattern (S, I1, I2) = (0,1,6))

Proposal #3:
Investigate 1RX CRS-IM feasibility and specify requirements for the following physical channels:
· 1st priority: PDSCH

· 2nd priority: Cat1bis PDCCH/PCFICH; CatM1/CatM2 MPDCCH

Proposal #4:
Investigate 1RX CRS-IM feasibility and specify requirements for the following interference models:
· PDSCH: Reuse Rel-13/14 CRS-IM interference model with per-TTI interference presence modelling. Further evaluate performance for the case of 0%, 10%, and 20% RU.

· MPDCCH: Same model as for PDSCH.

· PDCCH: Reuse Rel-13 CCIM interference model and power profiles.

Proposal #5:
Reference 1RX CRS-IM receiver assumptions 

· Single dominant interference cancellation
· Assume CRS assistance is available for studies / requirements definition. Further discuss blind detection of CRS parameters.

Proposal #6:
Confirm that 1RX CRS-IM UE complexity is acceptable 

Proposal #7:
Confirm that 1RX CRS-IM impact on UE power consumption is acceptable
Proposal #8:
Confirm that 1RX CRS-IM may provide substantial PDSCH and PDCCH performance improvement.
References

[1] RP-171465 “New WI Proposal: LTE CRS-IM Performance Requirements for Single RX Chain UEs”, Intel Corporation, RAN #76, June 2017
[2] TR 36.863 “Study on Cell-specific Reference Signals (CRS) interference mitigation for homogenous deployments of LTE”
[3] R4-1707387 “Initial simulation results for Single RX chain CRS-IM”, Intel Corporation, RAN4 #84, August 2017
PAGE  
1/6

