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1. Introduction
This contribution discusses the remaining issues on simulation assumption for CoMP, focusing on the heterogeneous deployment using low power RRHs within the macrocell coverage. Particular issues include: 

· Performance benchmarking discussion

· Simulation case and channel model

· Impairment modeling – Timing alignment error and CSI error 
2.  Performance Benchmarking
For deployment using low-power RRHs within the macrocell coverage (i.e., scenario #3 &4), operators are obviously interested in understanding the following two aspects:

· Performance gain with CoMP versus without CoMP
· Any additional requirement in network architecture to support CoMP 

Currently for scenario #3 &4 the simulation assumption is captured as “Benchmark is Rel-10 eICIC framework (association bias values FFS)”. In the Rel-10 eICIC framework that without CoMP, we don’t need to differentiate RRH from hotzone, even though hotzones are typically picocell eNBs and RRHs may not be full-function eNBs but rather a distributed signal processing nodes connecting to a central eNB via optical fiber. To better understand the additional architectural requirement, there is certainly a difference if the benchmark is hotzone or RRH based deployment. But from the perspective of performance benchmarking, we only need to capture the reference system as Rel-10 heterogeneous network without CoMP. 
So a more precise wording should be “performance benchmark is Rel-10 RRH/hotzone based heterogeneous deployment without CoMP”, which means

· Rel-10 SU/MU-MIMO can be supported in the reference deployment based on Rel-10 feedback (also noted in [3])
· Any feedback enhancement, if defined in Rel-11, will certainly improve the benchmark performance. But we should not tie CoMP with Rel-11 SU/MU-MIMO enhancement together too closely, because both are viable improvement that may focus on different perspectives, for example, cell-average for SU/MU-MIMO enhancement and cell-edge for CoMP
As to the association bias for Rel-10 hetnet, normal cell association with zero bias may be defined as a baseline and it is not necessary to mandate any other values, because:

· CoMP study needs not focus on the tweaking of the benchmark operation. For Rel-10 hetnet discussion, cell association bias relates to the so-called “range expansion” operation. By adjusting the bias, the loading changes effectively among hotzones so that UEs can utilize more radio resources more efficiently. For example, by moving some UEs to a picocell eNB, instead of all UEs being served by macro and thus competing for macrocell resources, the overall average network throughput can be improved as picocell eNB’s radio resources will be better utilized. However there is often the cost of reduced throughput for “cell-edge” UEs due to deteriorated SINR in range expansion.

· Instead of focusing on cell average gain as targeted by range expansion, CoMP is expected to improve the SINR at the cell edge, regardless of whether the cell edge is incurred by a small or large bias value. In fact, CoMP gain at cell edge may be insensitive to the bias value. Hence, using the normal operation of zero bias should suffice. 
Proposal: 

· For CoMP study, the performance benchmark is Rel-10 based operation without CoMP in RRH/hotzone heterogeneous deployment (normal cell association with zero bias as a baseline)
3. Simulation Case and Channel Model
For scenario #1 &2, the baseline simulation case is 3GPP case 1 and “ITU channel model” being optional [2]. 3GPP case 1 may be revisited depending on the shadow correlation study. For scenario #3 &4 (low power RRH hetnet),  a few options were listed including 1) ITU UMa for macro and UMi for low-power RRH 2) 3GPP case-1 for macro and ITU UMi for low-power RRH 3) 3GPP case-1 for both macro and RRH. 

In TR36.814, fast fading is allowed to be modeled with three options: 1) no fast fading modeling 2) TU and fixed correlation matrix 3) ITU/SCM. Since the spatial domain is crucial for both CoMP (e.g., coordinated beamforming) and reference system performance benchmarking based on Rel-10 SU/MU MIMO, it is critical to use a spatial channel model for fast fading in heterogeneous environment. Using TU and fixed correlation clearly cannot reflect the reality and, assuming the same transmit correlation will affect MU-MIMO and coordinate beamforming significantly because eNB sees the same statistical correlation corresponding to serving UEs and victim UEs. That leaves the choice between SCM and ITU, which we will compare in detail. 

SCM and ITU spatial channel model Comparison

SCM and ITU models are both ray-based statistical spatial channel models. Both first generates the large-scale parameters which are the second-order statistics of small-scale (short-term) parameters, namely the AOA, AOD, delay, and power of each multipath. The large-scale parameters are also random variables:
· Delay Spread (DS): lognormal distributed

· AOD Spread (ASD): lognormal distributed

· AOA Spread (ASA): lognormal distributed. ASA is ITU only (SCM determines ASA based on multipath powers only)

· Shadow Fading (SF): zero-mean Gaussian

· K-factor: non-zero mean Gaussian (ITU only for LOS case)

For each point-to-point link, these large scale parameters are correlated to reflect the typical observation in measurement campaigns that, as an example, ASD increases as DS increases. Moreover, the SF standard deviations corresponding to multiple links are also correlated, which means other large scale parameters are also correlated. The key difference in SCM and ITU models is actually the modeling of SF correlation:

· Correlation of 0.5 (SCM) and 0 (ITU) between SF of the two links from the same UE location to difference sites. The SCM assumption perhaps makes more sense in homogeneous deployment where the scatterer cluster is around the UE and is common to both propagation links where the transmitters are above the cluster. In small-cell deployment, the RRH might be within a scatterer cluster as well, in which case ITU assumption seems to make more sense. 

· Correlation of 0 (SCM) and no-zero but distance-dependent (ITU) between SF of the two links from the same transmission point to different UE locations. ITU assumption makes sense since closely located UEs are likely in the same scatterer cluster. 
Zero correlation of SF between sites to the same UE in ITU makes it more likely than in SCM that signals from far-way sites can be still significant power compared to that from nearest site. Distance-dependent correlation of SF can be more realistic and perhaps more important to small-cell modeling where UEs are dropped nearby, and perhaps less important in macrocell environment if a small number of UE (say 10) are dropped in a 500m radius cell. 

Proposal:

· Avoid mixed use of SCM and ITU due to fundamental difference in shadow fading modeling. Assume no correlation between shadow fading standard deviation for links from the same UE location to different outdoor RRH/hotzones.  Adopt ITU UMa spatial channel model (modify UE speed to 3Kmph) for macro and UMi for RRH picocell.
Outdoor or Indoor RRH and Pathloss  

TR36.814 specifies the pathloss model for both outdoor and Indoor RRH (see table below). For outdoor, there are two pathloss models (1 &2) and for indoor, there are also two models. Indoor model-1 & 2 are similar except that model-2 simplify the scenario with the assumption of all UE are inside buildings. 
For outdoor RRH, the key difference between model 1 & 2 seems to be the modeling of LOS/NLOS in model-2, but not in model-1. LOS probability is dependent on distance. We have observed:
· Other than model-1 of outdoor RRH/hotzone, all other cases embraced the LOS/NLOS modeling which could be more important to include for studying small-cell type of environments. LOS/NLOS modeling in pathloss and shadow fading is also more consistent with the spatial fast fading model of ITU since ITU models fully define LOS/NLOS modeling (e.g., K-factor as one of the 5 large-scale parameters), . 
· LOS modeling can have noticeable impact on cell association and interference observation. In general, LOS modeling can increase the association ratio to pico since the probability is higher as pico is closer. UE has also a non-negligible chance to see LOS to other RRH, especially as RRH density increases. Hence, UE can be associated with not the closest RRHs, an effect that is similar to that of the shadow fading. 

· LOS or NLOS affects not only the deterministic path loss, but also the large-scale statistical parameter such as SF, which will in turn affects ASA, ASD, DS, and K-factor.

· LOS can take the simulation longer to converge, which means the UE dropping should result in an actual LOS probability that is close to the specified LOS probability.  

Proposal:

· Initial focus on outdoor RRH instead of indoor RRH. Adopt model-2 path loss model in TR36.814 since the realistic propagation may require LOS/NLOS modeling, especially in small-cell environments. LOS/NLOS modeling in better defined in ITU, which will be more consistent with the spatial fast fading model of ITU.  

	
	Outdoor Model-1
	Outdoor Model-2

	Macro to UE
	L= 128.1+37.6log10(R)

Penetration loss = 20dB

SF std. dev.=10dB
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

Penetration loss = 20dB

SF std. dev.=4 (LOS) or 6 (NLOS), UMa

	Outdoor pico to UE
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Penetration loss = 20dB

SF std. dev.=10dB
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

Penetration loss = 20dB

SF std. dev.=3 (LOS) or 4 (NLOS), UMi

	
	Indoor Model-1
	Indoor Model-2

	Macro to UE
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

Penetration loss = 20 (inside) or 0dB (outside)

SF std. dev.=10dB
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

Penetration loss = 20dB (always inside)

SF std. dev.=10dB

	Indoor pico to UE (different building or outside)
	PL(dB)=Max(131.1+42.8log10(R), 147.4+43.3log10(R))
Penetration loss = 40 (different building) or 20dB (outside)

SF std. dev.=10dB
	PL(dB)=Max(131.1+42.8log10(R), 147.4+43.3log10(R))
Penetration loss = 20dB (always outside)

SF std. dev.=10dB

	Indoor pico to UE (different building or outside)
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
Penetration loss = 0

SF std. dev.=3 (LOS) or 4 (NLOS), UMi
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
Penetration loss = 0

SF std. dev.=3 (LOS) or 4 (NLOS), UMi


4. Impairments
In this section, we will discuss two impairments:

· Time and synchronization between RRHs

· CSI error at the transmission points

Timing alignment between RRHs
Even though a synchronized network deployment is already assumed for RRH based deployment, CoMP JP may pose more stringent requirement on timing alignment. From an uplink perspective, the signal collected at multiple RRHs from the same UE, after being digitized, will be sent back via optical fiber CPRI-based link to a central site for further digital processing. The total delay of each signal path, from the UE to RRH to central site, could be different enough that needs to be modeled. Similarly for downlink, there could be some timing difference in transmitted signals. Note that in TS36.104, it is required that the time alignment error in Tx Diversity or spatial multiplexing for any possible configuration of two transmit antennas shall not exceed 65 ns. 

If the delay of the fiber link (including optical/electrical conversion) can be calibrated/adjusted/compensated so that the delay difference due to the wired part can be ignored, the differential delay will come from the wireless propagation only that is distance dependent. For example, 500m delta in propagation path means ~1.7us of relative delay.  Even if the timing difference can be absorbed into the CP, at least the effect of timing alignment error will introduce a phase ramp across subcarriers, which to some extent is similar to the effect of a more frequency selective channel. This could affect the gain of any closed-loop operation, especially if the precoding is only performed on a wide band basis.

 Proposal:

· Model the timing alignment error, at least the part due to difference in propagation distance, in order to better understand the realistic CoMP gain in closed-loop transmission.    

CSI error 

Accurate CSI (including CQI) is important for closed-loop operation. CSI assumption at the scheduler depends on a number of aspects in FDD:
· Provisioning of CSI-RS in terms of the interference suffered on those pilots and muting support.
· Estimation error at UE (channel and interference)

· CSI representation error due to quantization (“codebook resolution”)

· CSI feedback error depending on the designed mechanism (feedback delay, detection error, etc.)

For reciprocity based TDD operation, CSI error can be introduced due to

· SRS delay and channel estimation error at eNB

· DL/UL calibration error that affects reciprocity assumption

Clearly, it is very complicated to model all of these aspects. In fact, many aspects are part of the design enhancement we may want to seek for CoMP. At least, company results need to state clearly the modeling of the above aspects. 
Modeling aspects for the scenario of high latency / low capacity inter-eNB link are further discussed in [4], including X2 interface delay, scheduler modeling, timing/frequency synchronization error and HARQ modeling.

5. Conclusions

Based on the discussions here, we recommend the following for further refinements of simulation assumptions.
Proposal: 

· For CoMP study, the performance benchmark is Rel-10 based operation without CoMP in RRH/hotzone heterogeneous deployment (normal cell association with zero bias as a baseline)
· Avoid mixed use of SCM and ITU due to fundamental difference in shadow fading modeling. Assume no correlation between shadow fading standard deviation for link from the same UE location to different outdoor RRH/hotzone.  Adopt ITU UMa spatial channel model (modify UE speed to 3Kmph) for macro and UMi for RRH picocell.
· Initial focus on outdoor RRH. Adopt model-2 path loss model since the realistic propagation may require LOS/NLOS modeling, especially in small-cell environment. LOS/NLOS modeling in pathloss and shadow fading is also more consistent with the spatial fast fading model of ITU. 
· Model the timing alignment error, at least the part due to difference in propagation distance, to better understand the realistic CoMP gain in closed-loop transmission.    
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