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1 Introduction
During RAN#71 meeting, WI on enhanced AAS was approved [1]. The main goal of the eAAS WI is to create a set of AAS BS core and performance requirements, including demodulation requirements, which no longer require a conducted interface and are all doable in OTA fashion. 
In the objective of the performance part of the Rel-14 eAAS WID [1], the demodulation requirements were captured in the following way: 

· Demodulation requirements in Rel-13 AAS are the same as the non-AAS demodulation requirements, where the fixed reference channels and fading profiles are simulated and used in the conducted manner via TAB connectors. 

· Rel-14 eAAS WI is expected to clarify, which of the demodulation requirements could be applied as radiated requirements and what methods could be used to perform conformance testing for such requirements. 

· No new demodulation requirements are expected to be added within the Rel-14 eAAS work, beyond the set of Rel-13 AAS conducted demodulation requirements.

During previous RAN4#78bis meeting, initial discussion demodulation performance requirements were triggered [3]. Based on attempts of translating one of the BS demodulation conformance test setups into its OTA version, it was observed that such approach does not reassure the same BS testing environment and hence, the existing conducted demodulation requirements cannot be easily reused for the OTA conformance testing. There is not obvious was how to translate the conducted demodulation requirements into OTA requirements. 
In this contribution, we are taking a closer look at the potential implications and solutions to address the OTA demodulation requirements. 

2 Discussion 

Referring to the eAAS WID [1], the desire was to “develop all OTA requirements and the associated testing”. On the other hand, the demodulation requirements were considered within WID with the following statement: "clarification which demod can be OTA and how to test it". It shall be highlighted, that an “all OTA” requirements specification would force all the demodulation requirements to be OTA; otherwise the OTA demodulation requirements range would have to be reduced to the set of requirements which are OTA doable. This does not clarify, whether the Rel-13 AAS conducted requirements would be reused, or new demodulation requirements and their test methods would have to be defined. 
Below, we are collecting discussion elements to put more light on this discussion.
2.1 Existing BS demodulation requirements

For reference, list of the existing RAT-specific BS demodulation requirements is provided in the following sub-clauses.
2.1.1 UTRA FDD BS demodulation requirements

In TS 25.104, the following BS demodulation requirements were defined: 
1. Performance requirement for DCH 
a. Demodulation of DCH in static propagation conditions
b. Demodulation of DCH in multipath fading conditions

c. Demodulation of DCH in moving propagation conditions

d. Demodulation of DCH in birth/death propagation conditions

e. Demodulation of DCH in high speed train conditions

2. Performance requirement for RACH
a. Performance requirement for RACH preamble detection

b. Demodulation of RACH message  (Static Propagation, Multipath Fading and high speed train conditions)
3. Performance requirements for HS-DPCCH
a. ACK false alarm
b. ACK mis-detection
c. ACK/NACK detection for 4C-HSDPA HS-DPCCH (ACK false alarm, ACK mis-detection)
d. ACK/NACK detection for 8C-HSDPA HS-DPCCH

4. Performance requirements for E-DPDCH

a. E-DPDCH in Multipath fading condition

b. E-DPDCH and S-E-DPDCH in multipath fading condition for UL MIMO

c. Signalling detection for E-DPCCH in multipath fading condition

2.1.2 UTRA TDD BS demodulation requirements

In TS 25.105, the following BS demodulation requirements were defined:
1. Performance requirement for DCH 
a. Demodulation of DCH in static propagation conditions
b. Demodulation of DCH in multipath fading conditions

c. Demodulation of DCH in high speed train conditions

2. Performance requirements for E-DCH (multipath conditions)
3. Performance requirements for HS-SICH (ACK detection)
2.1.3 E-UTRA BS demodulation requirements

In TS 36.104, the following BS demodulation requirements were defined:
1. Performance requirements for PUSCH
a. PUSCH in multipath fading propagation conditions transmission on single antenna port

b. UL timing adjustment
NOTE: The performance requirements for UL timing adjustment scenario 2 are optional.
c. HARQ-ACK multiplexed on PUSCH
d. High Speed Train conditions
NOTE: The performance requirements for High Speed Train are optional.
e. PUSCH with TTI bundling and enhanced HARQ pattern
2. Performance requirements for PUCCH
a. ACK missed detection for single user PUCCH format 1a transmission on single antenna port
b. CQI performance requirements for PUCCH format 2 transmission on single antenna port
c. ACK missed detection for multi user PUCCH format 1a
d. ACK missed detection for PUCCH format 1b with Channel Selection
e. ACK missed detection for PUCCH format 3
f.     NACK to ACK detection for PUCCH format 3
g. ACK missed detection for PUCCH format 1a transmission on two antenna ports
h. CQI performance requirements for PUCCH format 2 transmission on two antenna ports
i.      CQI performance requirements for PUCCH format 2 with DTX detection
NOTE: The requirements apply to a BS supporting PUCCH format 2 with DTX. It is optional for a BS to support PUCCH format 2 with DTX.
3. Performance requirements for PRACH
a. PRACH false alarm probability and missed detection
2.1.4 MSR BS demodulation requirements

In TS 37.104, the BS demodulation requirements were defined reuse from the single RAT specifications. 
1. E-UTRA demodulation requirements were reused from TS 36.104, clause 8.
2. UTRA FDD demodulation requirements were reused from TS 25.104, clause 8.
3. UTRA TDD demodulation requirements were reused from TS 25.105, clause 8.
2.1.5 AAS BS demodulation requirements (conducted)
In TS 37.105, the BS demodulation requirements applicable per demodulation branch were defined reusing the single RAT specifications.
1. For single RAT UTRA FDD AAS BS, demodulation requirements specified in sub-clause 2.1.1 for DCH and RACH apply. 
2. For single RAT UTRA TDD AAS BS, all the demodulation requirements specified in sub-clause 2.1.2 apply.
3. For single RAT E-UTRA AAS BS, all the demodulation requirements specified in sub-clauses 2.1.3 for PUSCH, PUCCH and PRACH apply.
4. Demodulation requirements for MSR operation are reusing those above in bullets 1-3.
2.2 Discussion on potential solutions to address OTA demodulation requirements 
In this section we attempt to briefly analyze range of potential solution to address the OTA demodulation requirements for AAS BS.

1. Translate all the conducted BS demodulation requirements into radiated requirements
This approach would be to maximize the reuse of the conducted demodulation requirements, just my applying modification to the test methodology and test setup. This approach is expected to provide full coverage of the BS demodulation requirements for the Rel-14 OTA specification. At the same time this approach would definitely generate less workload than in case of re-defining all the requirements. 

However, as already observed in [3] during previous RAN4#78bis meeting, no obvious method has been identified so far to make this approach feasible, i.e. there is no simple modification to the demodulation conformance test setups (TS 36.141 based) to translate them into OTA test and at the same time reuse the existing definitions of the minimum requirements for UL channels performance verification. 
2. Define new OTA demodulation requirements

Definition of new demodulation requirements is clearly against the WID scope and shall not be pursued within Rel-14 (i.e. It is not within the scope of this WI to extend the scope of functionality captured by demodulation requirements). Nevertheless, it cannot be precluded, that (part of) the existing Rel-13 AAS BS demod requirements will have to be re-defined. In practise, it means pretty much, that the BS demodulation requirements are done from scratch, following typical workflow for the requirements derivation: 

· Discussion on the scope of the requirements (if not 1-to-1 mapping to the list of existing conducted requirements)

· Simulations assumptions definition

· Collection of the alignment results

· Collection of the implementation specific results

· Implementation of the requirement into the core specification

· Definition of the OTA test setup

· Collection of test tolerance

· Implementation of the requirement into the conformance specification
 Considering the scope of the AAS work (i.e. single RAT based list of requirements in sub-clause 2.1.1 – 2.1.5), the related workload of such approach is extensive and questionable to be completed within Rel-14. The following workload related aspects shall be considered in case of the discussed approach:
· Each of the above referred specifications has its own, RAT specific set of BS demodulation requirements. The consequence for the OTA AAS BS discussion is that 26 of the requirements specified in sub-clause 2.1.1-2.1.3 above, would need to be analyzed from the OTA applicability point of view, as the set of RAT’s supported by the AAS specification cannot be reduced (irrespective of the foreseen AAS BS product implementations).  

· In case of E-UTRA, demodulation requirements have to be specified for all Rel-8 channel bandwidths in order to provide performance benchmarks for all possible combinations of channels supported by various BS implementations, i.e. not possible to reduce the amount of defined requirements (and simulation work). Just in case of E-UTRA PUSCH performance, it would meant around 400 test points to be re-simulated. However, in case of conformance testing, certain workload reductions are possible.  
· Various AAS BS implementations have to be considered, while the existing demodulation requirements are strictly specifying the number of antenna ports to be used for particular tests, e.g. in case of E-UTRA, 2,4 or 8 Rx antenna ports used for PUSCH tests (or 2/4/8 demodulation branches in case of conducted test based on TAB connectors). From the AAS point of view, this shall not be directly linked with the number used antenna elements in the antenna array. Transceiver unit array aspects and flexibility in terms of the number of demodulation branches would have to be considered here.  
· Various OTA testing methodologies considered so far for, could introduce lack of alignment among the test results. The level of test methodology specification and its restrictions for potential OTA BS demodulation requirements is FFS.
3. Consider all the existing AAS BS demodulation requirements as optional for Rel-14 OTA specifications
Some of the demodulation requirements in the current specification are considered optional. One of potential ways forward for OTA demod requirements would be to declare most, or all of the BS demodulation requirements for Rel-14 AAS BS as optional. Still, this does not solve the issues of the OTA requirements, as even the optional requirement would have to be defined in the Rel-14 specification and its test method specified. Even if such approach would be acceptable, there is still need to decide, whether the optional requirements are to be tested via any of the identified OTA methods, of such AAS BS under test would be required to be equipped with connectors allowing reuse of the Rel-13 conducted demodulation requirements. This would be however against the OTA principle. Further discussion on this topic is required.  
4. Do not define any BS demodulation performance requirements for AAS BS OTA testing
This is the most extreme approach and it does not seem to be reasonable to consider it any further, as the Rel-14 AAS WID claims that “Enhanced Rel-14 AAS BS specification will be based on migrating the existing Rel-13 AAS BS conducted requirements to OTA requirements, which provide the same level of performance and protection as Rel-13 AAS BS requirements do”. Even if the referred statement was not intended to be directly applicable to the demodulation requirements, it still shall be possible to verify demodulation performance of the AAS BS.  

5. Use near field probes
As already proposed in [3], potential solution of using near field probes to apply the test signals locally to individual antenna elements of the antenna array during the UL channels testing could be studied. Still, it requires further study, if such approach would allow reuse of the existing Rel-13 conducted demod requirements, or not. Furthermore, study is required, whether it would be suitable to all potential AAS BS implementations. 
6. Use conducted test for demod, OTA for RF

Yet another approach would be to compromise on the “fully OTA” assumption, and to allow conducted tests for demod requirements. This would allow full coverage of the Rel-13 requirements.  

As indicated in [3], to test the performance of the demodulation algorithms (bypassing the RF chains), conducted interfaces to the baseband IQ data would be required. However, such approach would not be compatible with the OTA principle, as well would not allow to reuse already standardizes TAB connector based approach. 
Furthermore, it could be argued, that some of the AAS BS products might not be equipped with any conducted interfaces for testing purpose, e.g. due to small form factor of Small Cell products. 
7. Reuse of the RF testing methodology
Some RF tests (e.g. blocking) are requiring the demodulation branches within the test setup, in order to obtain the PUSCH throughput degradation (in case of E-UTRA) due to the existence of the blocker signal in the test. Therefore, reusing the way forward which will be agreed for the OTA blocking requirements is one of the alternatives for the OTA demodulation requirements. However, this would not allow to reuse the existing set of the demodulation requirements. 
2.3 TU allocation for eAAS BS demodulation requirements study
According to the time budget allocation, the RRM/Demodulation requirements were allocated time units starting from the RAN4#81 onwards. Nevertheless, we are in the opinion that it is of high importance to trigger the discussion on the demodulation performance requirements at earlier stage, in order to collect views and potential directions to address demodulation requirements in a timely manner. 
3 Conclusions

This contribution collected range of challenges related to the OTA demodulation requirements for AAS BS. Despite the timeline indicated for BS demod discussions in the eAAS WID, we would like to already initiate the discussion on this topic and to collect opinions from interested companies on the possible way forward.  
Even though more detailed analysis of the above listed variants it required, it seems reasonable to assume, that variants 1, 3 and 4 does not provide justification to be further considered. Contribution with more detailed analysis of the remaining variants is expected for the next RAN4 meeting. 
For the next meeting, it is planned to provide contribution addressing question captured in the WID description, i.e. which type of demodulation requirements can be applied as radiated requirements and how it might be tested.
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