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1.
Background and discussion 
At RAN4 in Qingdao, the discussion on TDD MB-MSR was initiated [2-4]. In this paper, we propose some text regarding the structures for TDD MB-MSR and also address the issue on inter-band synchronization.
Note that the text proposed for Annex A of the TR is in addition to the “general clause” text proposed in [5].

2.
Proposal

It is proposed that the attached text proposals are included in the MB-MSR Work Item TR [1].
3.
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TEXT PROPOSAL for TR body:

5.3.1 Structure, scope and configurations

5.3.1.1
FDD aspects
There are various possible implementations for receiver and transmitter as shown in figure 5.3.1-1. One possible approach is to use multi-band receive/transmitter implementation for MB-MSR which can cover multiple band. Other implementation approaches could be to have receiver/transmitter implementation covering a single band.

Based on the definition for MB-MSR BS, the following definitions can be set for the multi-band transmitter and receiver:

Multi-band transmitter: Transmitter characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).

Multi-band receiver: Receiver characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).
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Figure 5.3.1.1-1: Possible logical implementation of receivers and transmitters

Considering the intention with MB-MSR, several possible MB-MSR structures assuming any of the above implementation approaches shall be possible. As an example for MB-MSR structure, Figure 5.3.1-2 shows a combination of a multi-band receiver and transmitter which can map the concerned bands on one antenna port, or alternatively map each band on separate ports. It is also possible to map the concerned transmitters on one port while the receivers are connected to the other port. The separation of transmit and receive can be deployed to combat and mitigate possible PIM issues which is the topic of a parallel study item.

Note that the box for filters in Figure 5.3.1-2 would represent different possible combination of band pass and diplexer filters, depending on the chosen implementation structure.
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Figure 5.3.1.1-2: MB-MSR example structure using multi-band receiver and transmitter combining the bands in one port or two ports

Another example structure (see figure 5.3.1-3) would be to combine a multi-band transmitter with single band receivers where every individual receiver would have a maximum RFBW equal to or lower than the concerned UL band, where the mapping of transmitter and receivers towards one or two ports can be similar to what is described above.
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Figure 5.3.1.1-3: MB-MSR example structure using multi-band transmitter and single band receiver combining the bands in one port or two ports
Looking into the discussed band combinations, the combination of band 8 and band 20 would be a typical example to combine a multi-band receiver with single band transmitters with maximum RFBW equal to or less than the concerned bands as shown in figure 5.3.1-4.
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Figure 5.3.1.1-4: MB-MSR example structure using multi-band receiver and single band transmitter combining the bands in one port or two ports

The MB-MSR specification should not pose any restriction on the chosen combination of transmitter/receiver or the structure, as long as generic requirements handle the specific characteristics of the MB-MSR BS. It should be noted that the chosen structure should be parameterized, which would require an extension of the MSR declaration. 

This also means that the MB-MSR scope of work should not restrict any structure or configuration. There should be proper requirement coverage (generic requirements) to allow for all possible combinations of multi-band transmitters/receivers with single band transmitters/receivers as well as mapping of transmitters and receivers to antenna ports in different ways, as visualized in the generic illustrations of Figure 5.3.1-5. 
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Figure 5.3.1-5: MB-MSR proposed structures included in the scope. Note that for each structure, at least the transmitter or the receiver has to be multi-band.
If possible, the generic requirements developed should handle WA applications as well as low power MR and LA BS applications, assuming that no additional conditions are identified for MR and LA BS. It is noted that once the principles of defining generic MB-MSR requirements is settled, there should be little or no additional work to accommodate all BS classes.
The declaration part of MB-MSR will require additional parameters, such as the supported MB-MSR bands, total maximum RFBW for transmitter and receiver, and maximum transmitter and receiver RFBW if a single band implementation is included in the structure. 
5.3.1.2
TDD aspects
MB-MSR should be handled with generic requirements and thus should accommodate any combination of multi-band or single-band/sub-band receivers and transmitters. Depending on the scenario and need, the MB-MSR WI should cover different possible mappings of transmit and receive signals through one or two antennas.

Given the MB-MSR generic approach, the principles above should be valid also for TDD MB-MSR. Possible structures for MB-MSR are summarized below in Figures 5.3.1-6 to 5.3.1-8.
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Figure 5.3.1.2-1:
Multi-band receiver and transmitter mapped into one and two antennas respectively
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Figure 5.3.1.2-2:
Multi-band transmitter combined with single-band receivers mapped into one and two antennas respectively
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Figure 5.3.1.2-3:
Multi-band receivers combined with single-band transmitter mapped into one and two antennas respectively

As indicated above, TDD MB-MSR has slightly different structures compared to FDD, but the same principles can be made applicable.

For TDD MB-MSR, there is a need to address the inter-band synchronization aspect, since in the case where the operation is unsynchronized between the bands, the receiver and transmitter would operate simultaneously, which would require isolation between RX and TX on the order of 100 dB.  Note that inter-band synchronization would require synchronization in time and the same UL/DL sub-frame allocation.
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Figure 5.3.1.2-4:
TX/RX isolation for inter-band unsynchronized operation

For current single-band operation, the isolation is achieved by turning the transmitter off in conjunction with high quality switches as well other schemes. For MB-MSR unsynchronized operation, the transmitter can not be turned off. 

For the reasons above, the general clause explaining “Applicability of MB-MSR requirements” also clarifies that for multi-band capable BS, operation in the multiple bands must be synchronized.

TEXT PROPOSAL for Annex A:

4.8
Requirements for BS capable of multi-band operation

<More text proposed in another TP.>
For a BS capable of multiband operation supporting BC3 bands for TDD, the RF requirements in the present specification assume synchronized operation, where no simultaneous uplink and downlink occur between the bands.
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