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1 Background

With a view to find a paired UL for SDL bands, RAN#80 agreed a WF on SDL and SUL leaving further discussion and determination to RAN2 and RAN4 [1]. The matter was discussed further at RAN#81 in [2] reiterating some of the claims made in an earlier RAN4 contribution [3]:

· high risk on spectrum regulation if RAN4 defines a paired SDL bands as an FDD band
· a new SUL + SDL band combination is more compliant to existing specification than a new FDD band option considering the method of defining RF requirements 
but these were not agreed by RAN4. 
Specification of the SDL pairing as a band combination suggests flexibility in network deployment: the SDL could potentially be paired with “any” UL band available in the geographical region. However, as the UE architecture example in [2] suggests, the SUL is most likely the UL of an FDD band that is paired with another DL, which makes the SUL + SDL combination no different from a standard CA band combination of an FDD band with SDL (the intended use originally). But there may be other possibilities. 
While the SUL and SDL pairing may seem flexible, it does not appear more viable than an FDD band specification, neither from a RF requirement nor a regulatory viewpoint. The UE RF performance may in fact be impaired for a SUL pairing based on the architecture discussed in [2] compared to an FDD specification. 
In this contribution we propose inputs to a reply to the LS from RAN2 on band-combination capability signalling and discuss further the RF implications of a combination of SDL with a SUL band.

2 Signaling of SDL/SUL band combination

In their LS [4], RAN2 has informed RAN4 that 
RAN2 has discussed the configuration of SDL + SUL carriers and observed that it is currently not always possible to distinguish those from certain other band combinations. To cite an example using bands A+B+C, in current RAN2 UE capability signaling , network would not be able to distinguish which of the following two band combinations UE supports since the signalling would be identical for both cases:

NR Band combination 1: Band A (FDD/TDD UL+DL) + (SUL Band B + SDL Band C)

NR Band combination 2: (Band A (FDD/TDD UL+DL) + SUL Band B) + SDL Band C

Therefore, RAN2 would like to ask RAN4 whether RAN4 sees any need to differentiate the UE capability signalling for supporting these two cases. In other words, if UE supports band combination 1, will it always support also band combination 2 and vice versa?

Also, it is RAN2’s current understanding that a band combination would not have more than one SUL and one SDL band in Rel-15. RAN2 would request RAN4 to clarify if this is correct assumption

The UE capability for the two example cases can be different with regard to e.g.
1. fall-back support: the SUL combination (SUL Band B + SDL Band C) is a fall-back mode for combination 1, but not necessarily supported by combination 2, whereas the SUL combination (Band A (FDD/TDD UL+DL) + SUL Band B) is a fall-back mode of combination 2 but not necessarilty supported by combination 1 unless fall-back modes are explicitly indicated
2. support of simultaneous TX/RX: may be implicit for the (Band A (FDD/TDD UL+DL) + SUL Band B) fall-back mode of combination 2 by means of e.g. single switched-UL operation (the uplinks belonging to the same cell), whereas simultaneous TX/RX operation between (SUL Band B + SDL Band C) and Band A has to be explicitly indicated (if not mandated)
3. TA management: the two uplinks of the SUL cell (Band A (FDD/TDD UL+DL) + SUL Band B) of combination 2 must belong to the same TAG since the uplinks are pa, whereas the two uplinks of Combiation 1 can belong to different TAGs.
which indicates that the UE capability indication for the above example band combinations has to be augmented for the eNB/gNB to configure the UE correctly.
The requirement on cross-band isolation is the same for both combinations. 
3 UE RF requirements

In [2] it is claimed that specification of a SUL + SDL band combination is more straightforward than a FDD band in view of the standard UE reference architecture for inter-band CA combinations shown in Figure 1, from [2], 
   
Figure 1: typical UE RF architecture for SDL+SUL pairing.
From a RF performance perspective the cross-band isolation requirements are the same as that those for an FDD band. 

The use of a diplexer requires that the band separation (duplex spacing) be large enough and that the low-band duplexer, designed for pairing with another DL band, has sufficient attenuation at the high band. A flexible use of different uplink bands would require the DL filter to provide sufficient attenuation across all these uplink band; if not, then the UE RF performance for the SUL pairing will be impaired compared to a dedicated FDD pairing. 
From a RF perspective, the SUL + SDL combination may be feasible if the frequency (duplex) spacing is large enough, e.g. the typical separation of a low-high band combination for CA operation. However, the estimation of UL performance based on DL measurements for e.g. power control and mobility is more difficult when the frequency separation is large. A conventional FDD + SDL CA configuration may be more viable: then the UL (Pcell) can be estimated using the FDD DL at a much smaller frequency separation. This combnation can also be supported by the SUL architecture in Figure 1.
If the frequency separation between the SUL and SDL bands is small, e.g. two low bands, then a dedicated RF front end with e.g. multiplexers has to be implemented, the same complexity as an FDD band.
To sum up, the statement made in [3] that a new SUL + SDL band combination is more compliant to existing specification than a new FDD band option considering the method of defining RF requirements is not true in general. It may be equally feasible to specify an FDD band or use the SDL in a CA combination as originally intended.
4 BS co-location and co-existence requirements 
At a glance, the BS co-loaction and co-existence requirements would remain unchanged for the SUL + SDL combination. Protection must be ensured for all possible uplink bands operated in the same geographical area.
5 Regulation

Another claim of [3] is that there is a high risk on spectrum regulation if RAN4 defines a paired SDL bands as an FDD band. Regulators normally have no opinions on how RAN4 specifies pairings as long as the spectrum blocks concerned are allocated to the mobile service and regulatory requirements are met; in some cases regulators don’t even care about the duplex direction (depends on adjacent services).
6
Proposal

It is proposed that
· RAN4 informs RAN2 a response to the LS [] that the UE capability indication in RRC signalling must be modified should the SUL + SDL combinations be specified; fall-back mode indication, simultaneous TX/RX and TA management are example items that are not possible to distinguish using the current RAN2 signaling approach.
We also conclude that 

· from a UE RF requirement viewpoint, the performance may in fact be impaired for a SUL pairing implemented in the standard inter-band reference architecture as compared to that of an FDD specification.  

· from a regulatory viewpoint, there is no difference between an FDD and an SUL + SDL combination. 

The SUL + SDL may be feasible if the frequency separation is large, but then a standard FDD + SDL CA combination may be equally attractive and can be implemented in the same UE architecture. 
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