3GPP TSG-RAN WG4 Meeting #78bis

R4-162542
Mexico, 11-15 Apr, 2016
Source: 
Huawei

Title: 
AAS in Rel14Discussion on in-band Rx requirements 
Agenda Item:
7.14.2.1
Document for:
Discussion
1 Introduction
In RAN#71 a new WI on enhanced AAS was approved [1]. The main goal of the new WI is to create a set of AAS BS requirements which no longer require a conducted interface and are all OTA.
An approximate plan on how we should start the work was submitted for discussion this meeting. This document expands on the subject of the in-band RX requirements.

2 Discussion
In the WID [1] it states the following about the in-band requirements
1. In band requirements where the antenna element pattern is known, but correlation levels are unknown.

· In DL requirements operating band unwanted emissions (adjacent channel interference (ACLR), UEM, etc..) and EVM should be specified in a manner which does not require excessive measurement but offers the same performance and protection as the existing conducted requirements. TDD TX OFF power and other power dynamics requirements should also be readdressed.

· In the UL an OTA reference sensitivity requirement is required to replace the conducted reference sensitivity. Once this has been established blocking, RX intermodulation and selectivity OTA requirements are needed. 

In the Rel13 version of the specification the following conducted Rx requirements exist:
	Requirement
	in-band / out of band

	Reference sensitivity level
	in

	Dynamic range
	in

	Adjacent channel selectivity, general blocking, and narrowband blocking
	in

	Blocking
	out

	Receiver spurious emissions
	out

	Receiver intermodulation
	in

	In-channel selectivity
	in


It can be seen that the vast majority of the requirements are in band, as with the TX based on the declarations made for the existing OTA parameters for in-band requirements some information is known about the antenna and antenna element performance.
2.1 In-band requirements 

The current receiver OTA declarations are not quite as explicit as the transmitter declaration when it comes to the reference direction. Both require a reference direction declaration, however the transmitter declaration is at the point of highest (expected) EIRP and as such implies the direction of max directivity and hence direction of the element pattern max directivity.

The receiver OTA sensitivity uses a threshold for the sensitivity requirement which is the same at all directions inside an OSDD, as such the reference direction inherently has no additional information as to the antenna directivity.

However a minor modification of existing declaration description of the receiver target reference direction so that it represented the maximum directivity could solve this.
As with the TX the in-band the element radiation pattern will be the same for both the wanted an unwanted signals. 

With the TX a distinction was made between correlated and non-correlated unwanted signals and how the OTA radiation pattern was effected. 

In the UL (with the exception of Rx unwanted emissions) all requirements are placed with signals coming into the array. As these signals are generated from a single source they are inherently correlated.

The different being that when the signals are considered OTA they may not come from the same direction, in fact in most cases a large interfering signal is most likely to be close to the antenna (hence a large vertical angle) and a small wanted signal would be far away (a shallow vertical angle). A such signals from different courses (and different directions) may be subject to both different antenna element gain and array gain.

2.2 In–band requirements
Each of the in-band TX requirements are briefly discussed below:
2.2.1 Reference sensitivity Level
Conducted reference sensitivity level currently serves 2 purposes:

1) Offers a guaranteed minimum level of performance for the receiver sensitivity
2) Provides a reference point to which the interference (blocking, IMD etc..) requirements can be compared.

In the REL13 AAS BS requirement the OTA sensitivity requirement has similarities to the conducted reference sensitivity requirement but does not fulfill the same 2 requirements in the same way. As the sensitivity level is declared the declaration has no bounds, hence this does not offer a guaranteed minimum level in the same way as the conducted reference sensitivity. 

Some effort was made in REL13 to link the conducted reference sensitivity and the OTA sensitivity however it was eventually rejected in favour of a declared only requirement. The proposal to link the two parameters can be seen in [2].

 There is an obvious link between the 2 numbers that being the antenna array and RDN gain, a figure consisting of the directivity and the implementation loss of the those elements. This is described in [2] as follows:
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It is clear a suitable method for translating the conducted reference sensitivity to an equivalent OTA requirement is required.

Study 1: Method to translate conducted reference sensitivity to OTA reference sensitivity

Assuming it is feasible to translate the conducted reference sensitivity value to an OTA reference sensitivity value using this (or some other) method. It is still a question if the OTA reference sensitivity is the same as the existing OTA sensitivity or not.
OTA reference sensitivity should be a figure which is comparable with conducted reference sensitivity, where as OTA sensitivity is declared only.

OTA sensitivity therefore may be much lower (i.e. better performance) than is required from the reference sensitivity, whilst this is not a problem for sensitivity it could be an issue when it comes to the interference measurements.

Despite the similarities, it must therefore be clear that OTA reference sensitivity is not the same as the existing OTA sensitivity requirement in REL13.

2.2.2 Dynamic Range

Dynamic range is the ability of the receiver to correctly demodulate the a large wanted signal in the presence of a large interferer.
The name dynamic range indicates a range, however the requirement is for the largest signal rather than a range.

The range if it were to be stated would most likely be the difference between the large signal level defined here and the reference sensitivity level.

It would seem that this requirement could be adequately covered therefore by using the same offset derived for the OTA reference sensitivity and applying it to the largest signal level.

2.2.3 Adjacent channel selectivity, general blocking, and narrowband blocking
In-band blocking was studied in both the REL13 SI [4]and the WI [5], along with the TX ACLR requirement .

The blocking requirements are based on a certain sensitivity performance (generally PREFSENS + 6dB) being maintained in the presence of a blocking signal level. The blocking signal level is set by a statistical simulation with a 99.99% certainty that the blocking signal will be below the specified value.

The issue with the blocking level is that the direction of the blocking signal may not be the same as the direction of the wanted signal and hence it may be subject to a different level of antenna gain. 
The simulations took these effects into account based on the assumptions described in [4] and it was found that the level at each TAB connector was almost the same as the existing requirement. The existing requirement per non-AAS antenna connector was therefore maintained at each AAS TAB connector.

In order to simulate the network and to get a suitable blocker level however, it was necessary to make assumptions about the antenna performance and its radiation pattern.

In an all OTA test it would be possible to remove the assumptions about the antenna however as the actual antenna performance would be included in the requirement. The new assumptions in this case however would be based on the worst case blocker power level and direction. As such when defining the requirement it would be likely that the direction of the blocking signal and the wanted signal would not be the same.

It would seem that 2 options for generating a OTA blocking requirement are possible:

1) Translate the existing blocking level to an OTA requirement using the same method applied to the reference sensitivity

+  
This is simple, testing is simple as both sources are in the same direction, it is easily traceable to the existing REL13 requirements.

· It does not allow the AAS to apply any possible spatial filtering it may be capable of to help pass a blocking test.

2) Form a new OTA blocking requirement which places the blocker and the wanted signal at certain directions and ceratin power levels.

+ 
Allows for possibly more innovation in AAS spatial filtering

· Complicates testing, requires new set of assumptions on locations

Study 2: Investigate best way of forming in-band blocking requirements and tests
2.2.4 Receiver Intermodulation

Receiver intermodulation is similar to the in-band blocking requirements except that instead of a single interfering signal there are 2 . In such a scenario it would seem even more likely that the interfering signals would come from different directions and hence the possibilities of extracting gain from spatially separating the interferers form the wanted signal are even higher.

However the requirement is similar enough in nature that it would seem wise to use a similar approach to the in-band blocking requirement.

2.2.5 In-channel selectivity

In channel selectivity measures the (E-UTRA) receiver capability to receive a small wanted signal on a particular RB in the presence of a larger interfering signal on a different RB.
Once again as with blocking it is assumed that the interfering signal comes from a different UE and hence it is possible that it will be in a different direction from the BS.

Hence again it would seem wise to use the same approach which is selected for the in-band blocking requirement.
3 Summary
This document discusses each of the conducted Rx requirements in the REL13 AAS BS specification and how they may be translated to OTA requirements. In general there are 2 issues, which provide the following 2 study proposals:
 
Study 1: Method to translate conducted reference sensitivity to OTA reference sensitivity
Study 2: Investigate best way of forming in-band blocking (and other interference) requirements and tests

In summary:
	Requirement
	in-band / out of band
	Comment

	Reference sensitivity level
	in
	Study 1

	Dynamic range
	in
	Study 1

	Adjacent channel selectivity, general blocking, and narrowband blocking
	in
	Study 2

	Blocking
	out
	 

	Receiver spurious emissions
	out
	 

	Receiver intermodulation
	in
	Study 2

	In-channel selectivity
	in
	Study 2
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