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1. Introduction

Deployment scenarios for relay co-existence studies were further discussed at RAN4 #AH3 with the scope to select the models and assumptions for such studies. Document [1] summarizes to a large extend the result of these discussions. A new revision of this document, updated based on the comments made via the RAN4 reflector after #AH3 meeting, is going to be submitted to RAN4 meeting #56 in Madrid. Coexistence simulation cases in Table 6.1-1 of Subclause 6.1 are not fully decided yet. In addition, the question whether the victim network should include relay nodes (RNs) is still open. In our view, other topics which need to be decided are evaluation methodology and metric for the RN link. In this contribution, we present our suggestions to these items.
2. Simulation cases
Table 6.1-1 of [1] identifies so far 13 simulation cases A to M. In terms of aggressor and victim links, only two distinct scenarios are defined as follows:   
1. In downlink (DL), aggressor link consists of eNB and RN access side in the aggressor network and victim is eNB to UE link in the victim network.
2. In uplink (UL), aggressor link consists of UE and RN backhaul side in the aggressor network and victim is UE to eNB link in the victim network.
The 13 simulation cases defined are resulting from a combination of these two scenarios with other simulation models as relay deployment, RN antenna configuration, propagation model and power control. This way of defining the aggressor/victim link results in two deficiencies: firstly it complicates the identification of the parameter(s) which should be the outcome of coexistence studies, secondly (as the direct consequence of the first topic) it is not unambiguously possible to answer the question whether the victim network should include RNs. In our view, there is need for a new categorization of the aggressor/victim cases which enables more clear answers to the open questions.

Given that ACLR and ACS parameters relevant for coexistence are already specified for macro network (eNB and UE), the main task of relay coexistence studies should be the evaluation of these figures for RN. A general approach would be considering RNs in both aggressor and victim networks and evaluating ACLR and ACS for RN by analysing this “full-scale” network deployment. However, this will result in huge and most likely unnecessary simulation efforts. A better solution seems to be dedicated network setups proper for the evaluation of each single parameter. For this purpose, we identify 4 simulation cases (or network setups) resulting in 4 parameters which can be set as the outcome of coexistence studies. Such a “decomposition” approach results in simpler deployment scenarios, faster development of simulation codes and less simulation efforts. The cases are as follows:
I. The aggressor is RN on access DL resulting in relay DL ACLR as simulation parameter. The victim is eNB to UE link in the victim macro network.
II. The aggressor link is RN on backhaul UL resulting in relay UL ACLR as simulation parameter. The victim is UE to eNB link in the victim macro network.
III. The victim is RN on access UL resulting in relay UL ACS as simulation parameter. The aggressor is UE to eNB link in the aggressor macro network.
IV. The victim link is RN on backhaul DL resulting in relay DL ACS as simulation parameter. The aggressor is eNB to UE link in the aggressor macro network.
I and II capture in a more precise manner the aforementioned cases 1 and 2 as defined in [1]. Cases III and IV define new aggressor/victim scenarios. In addition, the categorization of aggressor/victim cases suggested here enables a more clear answer to the question respecting the need for RNs in the victim network. According to cases I and II, there is no need for RNs in the victim network, however for cases III and IV the victim network has to deploy RNs, whereas there is no need for RNs in the aggressor network.
The four cases introduced above also facilitate the prioritization of RAN4 work on relay coexistence. Because relay coexistence studies need to analyze two types of links (backhaul and access) for both UL and DL, this can be more complex than prior RAN4 coexistence studies. Therefore, it may be easier to calibrate the performance of different companies on one type of link, i.e. first cases I and III and in a later stage cases II and IV or vice versa. For this purpose, we recommend studying the backhaul link first (cases II and IV) as it is a new type of link between eNBs which may have some new aspects to be studied. In addition, given that similar to an eNB, a reasonable option for the RN access link may be to set the relay DL ACLR (UL ACS) several dB, e.g. ca 10dB, better than the UE ACS (UE ACLR), the access link results are unlikely to be of significant importance in setting the relay DL ACLR (UL ACS) as the ACIR in sumulation case I (case III) will be dominated by the UE ACS (UE ACLR) in the adjacent victim (aggressor) network. Furthermore, we focused in the first step on case IV as this is the simplest one, because no power control is required and for analyzing just the relay throughput degradation there is no need to model the UEs. , Some results for this case are submitted in [3] to this meeting.
3. Evaluation methodology and metric

3.1 Methodology

The simulation methodology for victim network in case I is the methodology described in [2] for macro network. For this case, only the RN access down link in the aggressor network needs to be considered. The impact of the macro DL in the aggressor network on the macro DL in victim network has already been studied in prior RAN4 studies. Additionally, the ACS of the UE in the victim network is likely to dominant the ACIR, thus the aggressor relay DL ACLR may not play a significant role in the coexistence simulations (see also last paragraph of Section 2).
The simulation methodology for victim network in case II is the methodology described in [2] for macro network. For This case, only the RN backhaul up link in the aggressor network needs to be taken into account. The impact of the macro UL in the aggressor network on the macro UL in the victim network has already been studied in prior RAN4 studies. In addition, it can be anticipated that the interference impact caused by UEs in the RN access up link to the macro UL in the victim network will not be higher than that caused if they were directly connected to the macro on the up link.

The simulation methodology for aggressor network in case III is the methodology described in [2] for macro network. For this case, only the RN access up link in the victim network needs to be considered. The impact of the macro up link in the aggressor network on the macro up link in the victim network has already been studied in prior RAN4 studies. Additionally, the ACLR of the UE in the aggressor macro network is likely to dominant the ACIR, thus the victim relay UL ACS may not play a significant role in the coexistence simulations (see also last paragraph of Section 2).
The simulation methodology for aggressor network in case IV is the methodology described in [2] for macro network. For this case, only the RN backhaul down link in the victim network needs to be taken into account. The impact of the macro DL in the aggressor network on the macro DL in the victim network has already been studied in prior RAN4 studies. In addition, it can be anticipated that the interference caused by the macro DL to UEs in the victim RN access DL will not be higher than that caused if they were directly connected to the macro on the down link.

3.2 Metric
In the RAN4 coexistence studies for macro networks, network throughput loss is used as the evaluation metric, measured on DL and UL. The application of this metric to relay coexistence studies doesn’t present additional efforts if the victim network consists only of macro links (i.e. doesn’t include RNs), e.g. cases I and II. However, if the victim network includes RNs, e.g. cases III and IV, the question of a proper evaluation metric doesn’t seem to have a simple answer. In this case, the total network throughput loss is a combination of losses on the RN links (backhaul and access) and the macro links (UL and DL). For the calculation of this throughput loss, there is need for mapping the loss on the RN link into the corresponding one on the macro link which doesn’t appear to be trivial. A pragmatic solution would be decoupling the throughput loss on the RN link from that on the macro link and defining an additional (appropriate) evaluation metric for the RN link. As a first rough estimate, a 5% relative throughput loss on the RN link, similar to the macro link, appears to be reasonable. 
4. Conclusions
In this contribution, we submitted our suggestions to the models and assumptions presented in [1] for co-existence studies for relay deployment scenarios. In particular, some open questions respecting simulation cases and the need for relay nodes in the victim network were discussed and concrete answers to these questions were provided. In addition, we addressed simulation methodology and appropriate metric for the evaluation of simulation results and made suggestions with this respect.  
Our proposals can briefly be summarized as follows:

(1) Access link coexistence simulations are useful in setting the RN’s UL ACS and DL ACLR. However, the ACIR in these simulations is likely to be dominated by the UE’s ACLR and ACS respectively. 
(2) Backhaul link coexistence simulations are useful in setting the RN’s DL ACS and UL ACLR. These can be the focus of RAN4 studies in the first step.
(3) At least for the DL, the backhaul link coexistence study can be decoupled from the access link.  
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