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1 Introduction
In the last meeting the issue of repeater class was discussed and a WF (R4-2106109) was approved which addressed eh issue of repeater class and type.
This paper addresses the questions raised in the WF
2 Discussion
2.1	Classes for DL
The following was in the WF:
· Introduce multiple repeater classes for DL(access link)
· FFS on classes classification
· Option 1: WA, MR and LA
· Option 2: WA, MR, LA and home class
· The definition of home class could refer to E-UTRA BS spec and one typical deployment scenario is on high-speed train to provide blanket inside coverage considering the high penetrate loss of carriages.
· Option 3: MR and LA
· Option 4: WA and LA
· WA with unlimited output power and LA with limited output power
· Option 5: low power and high power as defined for LTE repeater
BS classes are based on deployment scenario, for example from 38.104:
[bookmark: _Hlk487019015]The requirements in this specification apply to Wide Area Base Stations, Medium Range Base Stations and Local Area Base Stations unless otherwise stated. The associated deployment scenarios for each class are exactly the same for BS with and without connectors.
For BS type 1-O and 2-O, BS classes are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
The macro cell scenarios mentioned (but no explicitly defined) refer to BS height above roof tops, antenna gain, path loss assumptions, BS output power etc,..
BS output power is one of the assumptions in the scenarios but it is not the only one and BS output power does not define the BS class more the BS class is declared and that may impose output power limitations on the BS (for medium range and local area).
Repeater deployment scenarios are very different to BS deployment scenarios, the performance of the repeater is more likely to be based on how far it is from the BS rather than the UE (certainly in the DL). As such the repeater deployment scenarios will be different from the BS deployment scenarios so it may be confusing to use the same terms to define them. 
If the general consensus is that the same terms shall be used we can accept however it is important that we also defined the definitions of those terms as being distinctly different from the BS definitions.
Observation 1: The repeater deployment scenarios are different fro the BS so there is less chance of misunderstanding if different terms are used.
Proposal 1: Whatever terms are used, it is important the definitions are clearly defined and distinct from the BS versions.
It is also worth discussing further if it is acceptable to use for example a high power (wide area) repeater connected to a lower power (local area) BS. A number of requirements are different, in particular the frequency accuracy for a local area BS is lower because it is not expected to see very fast vehicles in a small cell, if this is extended with a high power repeater is this acceptable?
Observation 2: Should we limit the connection of high power repeaters to low power BS ?
2.2	Output Power
A repeater extends the range of a cell by introducing gain in the link budget, as the repeaters gain is limited by the isolation which can be achieved between its receive and transmit antennas. Also as the PL calculation is reset at the repeater, the range over which the repeater offers a better signal than the BS is limited as such its coverage is somewhat limited. 
Making a few assumptions and looking at the power budget we see:
BS Pout = 57dBm (EIRP)
Repeater gain = 75dB + 15dBi (Rx antennas) + 15dBi (Tx antenna)
Repeater placed at 1km, 10km and 100km
FSPL at 2GHz assumed
[image: ]
This does not take into account interaction between the repeater and the original BS signals, 
The closer repeater has an output power of ~48 dB and offers range extension over the whole cell but is not really doing much better than the BS and the 2 signals being of similar amplitude could interfere with each other.
The 2 cases where the repeater is farther away it has an output power of 28dBm and -15dBm respectively and in both cases the distance covered by the repeater is around 3km.
It seems that use of the repeater is desired when the BS signal is poor, close to the repeater SNR levels are higher so higher modulation orders can be used. If the BS signal is already poor (low SNR) then the repeater may extend the range somewhat but cannot boost SNR.
Clearly there are many scenarios where these relationships differ, a shadow to the original BS signal with the repeater filling in the other side means the repeater rage is perhaps more important etc.
Previous LTE repeater assumed approx. 30dBm output power, this would seem to be sufficient however we are not against defining higher power repeaters if scenarios are envisaged where they may be useful.
Observation 3: LTE repeater assumptions on output power seem to be about right, however we are not against higher output powers if scenarios are identified where they are necessary.
2.3	Repeater types
The options in the WF are:
· Introduce multiple types
· FFS whether explicitly define repeater types
· Option 1: Yes
· Option 2: no, implicitly define repeater types by having conducted and radiated requirements
· FFS on types if it is agreed to explicitly define types
· Option 1: 1-C and 2-O
· Option 2: 1-C, 1-H, 1-O and 2-O
· Option 3: 1-H and 2-O
We think it is better to define repeater types so that the requirements can be more easily identified, one implementation the existing types do not cover is an internal antennas on one side but a conducted interface on the other side. However as emission etc are specified for the whole repeater then this would be difficult to specify, if there is no perceived need for it we can exclude it now (we can always add later if required).
Clearly a conducted FR1 (type 1-C) and an OTA FR2 (type 2-O) will be needed, the question is then if AAS versions (1-H and 1-O) for FR1 are required. As the assumption is that the repeater antennas are fixed and no active beam forming is done towards the UE we think these type are not necessary. In particular as we have agreed that no stability test is required for OTA systems there seems to be no advantage in specifying OTA versions for FR1.
Clearly the OTA requirement for FR2 is necessary as FR2 systems it may not be feasible to provide connectors.
Of course if we only have 1 type for each frequency range it may not be strictly necessary to use the terms 1-C and 2-O as FR1 and FR2 would clearly differentiate. However as we have these terms already it seems reasonable to use the same terms.
Proposal 2: Introduce types 1-C and 2-O 
Summary
In this paper we have looked at the issues raised in the WF (R402106109) and given our views on the repeater class, output power and type issues with the following observations and proposals:
Observation 1: The repeater deployment scenarios are different fro the BS so there is less chance of misunderstanding if different terms are used.
Proposal 1: Whatever terms are used, it is important the definitions are clearly defined and distinct from the BS versions.
Observation 2: Should we limit the connection of high power repeaters to low power BS ?
Observation 3: LTE repeater assumptions on output power seem to be about right, however we are not against higher output powers if scenarios are identified where they are necessary.
Proposal 2: Introduce types 1-C and 2-O 
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