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1. Introduction
RAN4#69 concluded “Some network assistance/coordination can reduce receiver complexity compared to requiring UE to blindly detect all the interference parameters”, as also captured in TR36.866 v.1.1.0 [2] which also noted the following potential spec impact: 
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS

· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic

· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three

· Other deployment related parameters may be coordinated or detected.

· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 

· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)

In the approved status report for the NACIS study item (RP-132108 [1]), the following guidance was given:

Based on RAN#62 discussion, RAN1 and RAN4 should have the following focus and target completion at RAN#63: 

· (RAN1) Identify the interference transmission parameters for signalling and those for receiver detection, based on the following studies and the trade-offs: 

· Receiver performance and complexity, with and without network assistance (RAN4)

· Feasibility of assistance signalling and system performance that takes into account corresponding signalling overhead (RAN1) 

· Network performance evaluation if any network coordination is assumed that introduces scheduling constraints (RAN1).

In this contribution, we discuss possible network coordination that can benefit NAICS receivers and evaluate the performance impact due to the incurred scheduling constraint.   
2. Discussion 
Network coordination here means that the neighboring cells semi-statically coordinate certain transmission or configuration parameters and the coordination may introduce some scheduling constraint. Since the outcome of the coordination can then be signaled to the UEs to assist interference cancellation, it is inevitable to discuss coordination and signaling together. Our companion paper [3] presents a detailed analysis of possible signaling.
We start with a discussion of the parameters required by the NAICS receivers and then discuss the network coordination that can, together with signaling, benefit NAICS receivers.
All NAICS receivers require at least some knowledge of the interference PDSCH transmission parameters on a per-PRB or PRB-pair basis (i.e., dynamically), and the knowledge generally includes:  
· Estimated interference channel corresponding to the interference PDSCH, including the status of interference presence/absence and the associated TM (Note: required for all NAICS receivers)
· Modulation order of interference PDSCH (Note: for non-linear receivers such as ML or SLIC)
· Presence of CRS or not (e.g., for channel estimation and CRS-IC), including 
· Number of CRS ports 
· CRS sequences (based on Cell-ID)
· MBSFN subframe pattern 
· Coding information and C-RNTI (Note: required by receivers that attempt to decode the interference PDSCH) 
Most of the challenges for NAICS receivers lie in the detection of interference presence/absence and the associated TM, as well as the estimation of the corresponding channel, all on a per-PRB or PRB-pair basis. In order to estimate the interference channel corresponding to the interference PDSCH, including the status of interference presence/absence and the associated TM, we observe the following: 

· TM of the interference PDSCH must be known or detected.   

· In the case of DMRS based TM8/9/10 for interference PDSCH, interference detection and its corresponding channel estimation can be performed on antenna port 7 and 8 (assuming <=2 layers) on a PRB-pair basis. 

· For TM8/9 with DCI format 2B or 2C, the two possible DMRS sequences at each port are determined by cell-ID and  nSCID (0 or 1) 
· For TM10 with DCI format 2D, the two possible DMRS sequences at each port are determined by one of two higher-layer configured values of 
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(i=0 or 1 as indicated by nSCID)
· Note: There are 2 possible interference channels at each antenna port 
· Due to possible CRS power boosting, data RE within OFDM symbols containing CRS can have a different EPRE than that of DMRS. Hence, the ratio of data RE EPRE to CRS ERPE within each OFDM symbol containing CRS (i.e., ρB) is needed.  
· In the case of CRS based TM2/3/4/6, an estimation of the channel to antenna port 0&1 (2 Tx) or 0-3 (4-Tx) based on corresponding CRS needs to be performed first.

· For TM4/6, additional PMI information is needed to derive the effective channel corresponding to the interference PDSCH.

· For TM2/3, rank-1 or 2 information is needed

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to on a PRB-pair basis in the case of LVRB. 

· The ratios of data RE EPRE to CRS ERPE within and not within OFDM symbols containing CRS (i.e., ρB and ρA, respectively) are needed.
· In the case of DMRS based TM7 for the interference PDSCH, interference detection and the estimation of the corresponding channel can be performed on antenna port 5

· Note: Estimation must be on a per-PRB basis in the case of DVRB, as opposed to on a PRB-pair basis in the case of LVRB. 

It is difficult to dynamically signal from a serving cell’s PDCCH any of the dynamic parameters of interference PDSCH due to distributed scheduling, or non-ideal backhaul, or large signaling overhead, unless those parameters are made semi-static in which case semi-static signaling from serving cell is also adequate instead of via PDCCH. Hence in [3], we propose to focus only on serving cell semi-static signaling of parameters related to interference PDSCH in Rel-12.   
The interference PDSCH on each PRB or PRB-pair is dynamic in nature because interference can be on/off, correspond to different TM that is associated with different scheduled UE, or come from different neighboring cells. Hence, in order to detect/estimate the transmission parameters as discussed above, the UE must process on a per PRB or PRB-pair basis if there is no resource allocation information. 
Even though the UE can use DMRS to detect the presence/absence of DMRS-based PDSCH and the channel corresponding to each layer, it is limited to use those DMRS within a PRB (for TM7 due to unknown DVRB/LVRB) or a PRB-pair (for TM8/9/10 or TM7 with LVRB). For CRS-based PDSCH, the UE must use data REs to detect on/off and PMI/RI and also use neighboring cells’ CRS to estimate the channel. The usable data REs are of course limited to those within a PRB due to unknown DVRB/LVRB. A larger number of DMRS or data REs can help the detection of interference PDSCH (e.g., on/off, TM, PMI/RI). Therefore, we propose in [3] to consider the following neighboring cell’s parameters for higher layer signaling:
· Basic unit for RA, especially if multiple PRBs can be grouped together as a basic unit (e.g., RBG, PRG, subband)
· RA type, especially for type 0, as well as when only LVRB is used or even for DVRB but with the indication of semi-static selection of Ngap values
· TM(s), especially if it is a reduced set of all the TMs.
· All possible RRC-configured values for 
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 in the case of TM10, and cell-specific limitation of the number of layers or nSCID for DMRS-based TMs
· In addition to cell-ID, CRS ports, and MBSFN pattern, synchronization/deployment related parameters including the indication of whether the cell can be considered as synchronized with the serving cell (including slot alignment), CP length, and system bandwidth.
· CFI (if can be made static in a cell)
Among them, further network coordination on the following aspects can be helpful:
· CFI alignment: The alignment of PDSCH region can simplify the receiver processing since NAICS can be applied to all data REs in the PDSCH. Otherwise, NAICS can only be applied starting from the 4th symbol and apply baseline MMSE-IRC on the previous PDSCH-carrying symbols. Fixing PDCCH region to, say always 3 symbols, can incur as much as 9% (or 18%) of loss in usable data REs if actual PDCCH only needs 2 (or 1) symbols. eNB needs to weight in the likelihood of that happening and the receiver gain. Since system level evaluation traditional cannot model that kind of subtly in link performance abstraction and the link performance is highly dependent on receiver implementation, further study will be necessary to fully characterize the gain of such coordination.  
· TM coordination: It may already a common practice for an eNB to configure the same TM for all UEs. At least all the simulations assume the case traditionally. In addition to limiting to a subset of TMs and the signaling of TM subset, if neighboring cells are further coordinated to use the same TM, detection complexity and robustness can be improved. Without getting into too much details of receiver processing which might be better suited for a RAN4 discussion, we can at least see the benefit of fewer TM combinations to test. Note that further constraint on parameters related to each TM can also help significantly, such as limiting to only a pre-defined subset of 
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, fixed nSCID, fixed number of layers, PMI/RI subset restriction.
· RA granularity/type coordination:  As discussed previously, a larger RA basic unit allows the UE to exploit more potential DMRS or more data RE to make detection/estimation. In addition to RA basic unit signaling, UE can also benefit from the restriction of same RA type or granularity among cells. In particular, if the desired PDSCH has a different RA type or granularity from that of a neighboring cell, interference detection and channel estimation may still need to be processed on a per-PRB basis. For example, if the desired and interference PDSCH only overlap on one PRB even though PRG=2 and 3 respectively, the UE does not know the DMRS on the other two PRBs from the desired cell and they could be empty or used by a different user, even though the UE knows these three PRBs belong to the same potential interference user.
We identified several aspects for network coordination. But it is in general tricky to evaluate the corresponding system level gain quantitatively because traditionally the link level performance abstraction cannot model the receiver processing at that level of details. Further study may be needed if we want to derive accurate quantitative analysis, perhaps resorting to embedding the actual receiver processing in the system simulation. In the next section, however, we will attempt to look at the performance loss due to scheduling constraint but not including the modeling of any link level performance gain associated with the scheduling constraint.
3. Impact of basic RA-unit size on system performance
The scheduling constraint due to the same RA granularity is expected to introduce some degradation, so in this section we investigate the loss on system performance which is expected to be dependent on the basic RA-unit sizes. 

We compare the performance of system with either MMSE-IRC receiver or R-ML receiver. The comparison is under the same packet arrival rate that leads to RU~=40% (or RU~=60%) when MMSE-receiver is used. Outer-loop link adaptation is applied and follows the settings shown in [4] (e.g., target 1st BLER for OLLA is 10%, step size is 0.25 for NACK).
In our simulation, R-ML algorithm is applied only for the following two cases: 

(1) Rank-2 SU-MIMO;

(2) Desired signal is rank-1 and the strongest “ON” interference signal could be either rank-1 or rank-2. For the rank-2 inter-cell interference, only one of the two interference layers is jointly processed with the rank-1 desired signal. 

(3) For the rest of interference, the UE will try to suppress them in linear processing (i.e., same as MMSE-IRC). 

We also assume that a victim UE perfectly detected the presence/absence of the strongest interference. We assume TM10 when link performance and channel estimation error are modeled. Perfect DMRS-IC is also assumed in this evaluation when channel estimation error of the desired and interference PDSCH are modeled.
Other simulation assumptions are listed in the table below.

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: XP; 2 Tx antennas
UE: XP; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

	UE inddor/outdoor distribution
	80% indoor 

	Traffic model
	FTP traffic model

	UE moving speed
	3 km/h

	MIMO scheme
	SU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	Maximum number of retransmission
	Infinity

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1

	Channel estimation
	Non-ideal

	IRC receiver covariance estimation
	Non-ideal covariance matrix modeled by Wishart distribution

	TM of PDSCH 
	TM10 is assumed with CSI feedback based on CSI-RS (for channel part) and IMR (for interference part)

	Overhead of RS and PDCCH
	PDCCH (3 symbols per subframe)
DM-RS (12 REs per PRB)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs


Different from the simulation assumption used in our previous contribution, we assume that a FTP packet is never dropped by allowing infinite number of retransmissions. Even though such assumption is applied, we observe that most transport blocks (~99.98%) are successfully decoded with at most 4 re-transmissions. 

	Simulation results corresponding to different basic RA-unit are shown below. Statistics are collected after RU becomes stable, i.e., samples for the first 6000 subframes are discarded.
λ
	RU
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	1.25 (RBG=1)
	29.0%
	2.036
	0.455

	1.25 (RBG=3)
	29.1%
	1.993
	0.446

	1.25 (RBG=6)
	29.1%
	2.009
	0.441

	1.50 (RBG=1)
	41.1%
	1.551
	0.304

	1.50 (RBG=3)
	42.3%
	1.530
	0.281

	1.50 (RBG=6)
	41.1%
	1.575
	0.271

	1.75 (RBG=1)
	58.0%
	1.068
	0.147

	1.75 (RBG=3)
	59.7%
	1.039
	0.155

	1.75 (RBG=6)
	60.3%
	1.000
	0.138


Table 1 Performance of MMSE-IRC receiver 
	λ
	RU
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	1.25 (RBG=1)
	24.2%
	2.541
	0.570

	1.25 (RBG=3)
	23.0%
	2.611
	0.589

	1.25 (RBG=6)
	23.9%
	2.540
	0.566

	1.50 (RBG=1)
	33.5%
	2.115
	0.421

	1.50 (RBG=3)
	35.4%
	2.021
	0.365

	1.50 (RBG=6)
	34.3%
	2.063
	0.383

	1.75 (RBG=1)
	48.4%
	1.535
	0.235

	1.75 (RBG=3)
	45.5%
	1.578
	0.240

	1.75 (RBG=6)
	48.2%
	1.496
	0.229


Table 2 Performance of R-ML receiver
From the simulation results above, we observed the variation among the performance with different RA-unit sizes is quite small. RA granularity does not have an obvious impact on system performance when the RBG size is equal or less than the frequency granularity used for CSI-feedback. It is expected that a finer RA-granularity provides better scheduling flexibility especially for small packet size. However, under FTP traffic model, the traffic load is usually much greater than the maximum serving rate, which is achieved by allocating all PRBs to one user. We can conclude from the above results that 

· Allowing a RA-granularity finer than the subband size does not significantly impact the system performance, at least when precoding is based on sub-band based CSI
· Note that the above observation is obtained also under the assumption of coordinated (i.e., same) TM and RA basic unit  
· Note that the potential receiver performance gain due to larger granularity and TM/RA coordination is not modeled here. Further study will be helpful to see if a net gain may results from proper modeling of the receiver performance gain. 
Proposal: Network coordination on CFI alignment, TM, and RA granularity/type can be considered for higher-layer signaling as well, because such coordination and signaling can reduce the receiver complexity significantly.

4. Conclusions
In this contribution, we discuss possible network coordination that can benefit NAICS receivers and evaluate the performance impact due to the incurred scheduling constraint. We identified several aspects for further network coordination and signaling. Even though they are in general tricky to evaluate the system level gain quantitatively we still attempted to first look at the performance loss due to scheduling constraint but not including the modeling of any link level performance gain associated with the scheduling constraint. We observe that

· Allowing a RA-granularity finer than the subband size does not significantly impact the system performance, at least when precoding is based on sub-band based CSI
· Note that the above observation is obtained also under the assumption of coordinated (i.e., same) TM and RA basic unit  
· Note that the potential receiver performance gain due to larger granularity and TM/RA coordination is not modeled here. Further study will be helpful to see if a net gain may results from proper modeling of the receiver performance gain. 
Proposal: Network coordination on CFI alignment, TM, and RA granularity/type can be considered for higher-layer signaling as well, because such coordination and signaling can reduce the receiver complexity significantly.
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