3GPP TSG-RAN WG4 Meeting #88Bis
R4-1812342
Chengdu, China, 8th – 12th Sept, 2018
Title:
SUL+SDL vs FDD usage
Source:
Qualcomm Incorporated
Agenda item:
7.1.2
Release:
Rel-15
Work Item:
NR_newRAT-Core

Responsible WG:
RAN4
Document for:
Approval

1.
Introduction
SUL+SDL pairing was discussed in RAN4#88 but no agreements were made [1], no LS was sent. In WF [2] RAN4 is tasked to determine how to define pairing of bands defined as SDL bands and SUL bands, e.g. whether it should be introduced as new FDD band or new (non-CA) band combination. This topic has a very big impact in RAN4 work overall and in this paper, we discuss the background of this feature in 3GPP and what benefits or drawbacks it would have for RAN4 requirements and RF implementation work.   
2. 
Discussion
2.1
SUL+SDL background in 3GPP
Rel-16 SUL, NSA SUL, NSA SUL with UL sharing basket WID was submitted in to RAN4#87 with no band configurations [3]. A revision [4] was provided 1 hour and 3 minutes before closing of last very busy Rel-15 RAN4 work group meeting. 3GPP RAN4 reflector at that time seemed to have 20 min delay in delivery. This version included four SUL+SDL configurations and one new SUL+TDD configuration.  RAN4 endorsed this version without further discussion which is typical for basket WID since they typically only contain new spectrum items.
In RAN#81 same WID was approved [5] and that triggered discussion and way forward [2] and then further discussion in RAN4#88 [1]. RAN4 discussion resulted in no agreements or conclusions. Discussion then continued in RAN#81 [10]. One of the discussion points was that RAN4 had already endorsed this kind of SUL+SDL pairing [10]. Technically there is “paper trace” of this endorsement but as explained above, RAN4 never knowingly agreed this kind of major new approach for spectrum management since this new feature was part of basket WID instead of properly documented WID for new feature. On a side note, this problem of managing general requirements and features through basket WIDs was discussed in [6] and it was also pointed out in discussions [7] that in RAN4 this SUL+SDL pairing is potentially very laborious feature which was never properly planned from WID point of view. RAN#81 discussion did not result in any agreements.  WF [10] was noted in the end. 

2.2
RAN2 questions

Situation with the formal WID for SUL+SDL pairing is unclear, but ran4 has received LS [11] from RAN2 asking if band configuration cases 1) A+(SUL+SDL) and 2) (A+SUL)+SDL are identical. A for this notation is any band with TDD or FDD duplex method.
These cases are 2 different CA combinations, case 1 would be a 2DL/2UL combination that automatically implies simultaneous UL transmissions no Band A UL and SUL. Case 2 is a 2DL/1UL CA combination in which the UL can be configured on Band A or SUL and is paired with the Band A DL. 

Case 2 further divides in to case 2.1 when uplink for A is same as SUL when this is uplink sharing from UE perspective and case 2.2 when uplink for A and SUL are on different band. But this distinction can be made at least in RAN4 specification since uplink sharing from UE perspective configuration has its own notation. 

At the time of writing this, it is unclear what is expected operation mode for SUL+SDL mode in respect to other bands. For A+SUL, UE has capability 6-19 to indicate if it is capable for simultaneous uplinks between A UL and SUL. For case 1 this capability seems to be valid since pairing A+SUL exists but if pairing notation A+(SUL+SDL) is used, it is unclear if this capability would be applied. This means A+(SUL+SDL) would mean two uplinks. If this also means two PUCCH and TAG groups it is unclear and therefore it can not be conclude if PCMAX can be same as PCMAX for existing features for case 2. We propose to ask these questions from RAN1.

Proposal 1: RAN4 to send LS to RAN1 asking what power control and timing assumptions carry from A+SUL operation to A+(SUL+SDL) operation.   
2.3
RAN4 aspects of SUL+SDL pairing

In [1] two issues in favour for SUL+SDL pairing compared to FDD band was presented. The other one was that SUL+SDL pairing is more flexible in terms of spectrum allocation i.e. TX-RX separation is more flexible. This is discussed in more depth in [8]. It may make SUL+SDL approach look very attractive on paper but there is an implementation-based reason for the TX-RX separation. For example, if duplex gap is very small, own TX may desense UEs RX. So far, reference sensitivity has been specified in such way that TX does not interfere RX performance. 

In SDL + SUL pairing, UL assumptions have to be analysed and then a conscious decision must be made whether to include selfdesense or not in RAN4 requirements for refsens. Similar issue will be with any IMD based MSD and many other parameters where in FDD arrangement, assumption for fixed TX-RX separation has been made. If this aspect is ignored in SUL+SDL pairing, the perceived performance of the UE in live operation maybe very different than what is specified for standalone SDL and SUL. So RAN4 has to decide if to go through an extremely complicated analysis and decide how to specify impairments or just acknowledge that requirements are verified only in such conditions where performance for SDL is agnostic of UL operation and for vice versa for SUL. With this, the problem of impairment handling will be transferred in to implementation and for ensuring regulatory requirement compliance, UE must be allowed to back off power on SUL when it considers it is needed. When this is needed, can then be discussed case by case outside 3GPP.
Observation 1: From RAN4 specification point of view, SUL+SDL pairing will complicate requirement work very much over the FDD approach, either in 3GPP or then in direct discussions between implementing companies and customers
In addition to requirement handling, it seems SUL+SDL pairing would be part of one existing basket WI [5] where as FDD band typically has had its own WI. With the current state of basket work items, it is likely that new pairings will be pouring in to specifications without proper attention. In particular, in the current WI where these pairings are, does not even mention SUL+SDL pairing in the objective or justification part. This is will lead to degradation of 3GPP requirement quality and in worst case will create false expectations on performance for the 3GPP community.  

Observation 2: Handling new spectrum in SUL+SDL pairing manner will degrade the quality of 3GPP specifications and might lead to false assumptions on performance.
It should be noted that RAN4 already has a process to define new bands(WI is created, implementation assumptions are discussed, etc). Using the SUL+SDL pairing would at best just create another process for the same purpose so we would just be re-inventing the wheel with a different name.
2.4
RF design aspects on SUL+SDL pairing

[8] discusses benefits of using n75 filter and n8 UL over creating n8 UL+n75 duplexer. The assumption is highly flawed and assumes acoustic RF filter design is simple as text book theoretical filter design. Anyone who has merely looked and real RF filter response knows that unless designer has not designed for a isolation on specific frequency, the isolation maybe very low. In the example in [8], if the duplexer UL on n8 has not been designed to operate with n75 and if n75 DL filter has not been designed with a high power n8 UL in mind, this SUL+SDL paring will have poor performance. 

Observation 3: From design point of view, SUL+SDL pairing does not provide any benefits over FDD band

2.5
Regulatory aspects
In [1] and [8], problems with regulatory requirements in FDD definition were brought up. It is unclear how SUL+SDL would solve these issues. It is not wise to assume 3GPP can go around regulatory requirements just by playing with definition names i.e. using SUL+SDL over the FDD. 

Furthermore, looking in to [12], ECC decision clearly states that:

“that a MFCN SDL could aggregate the usual downlink channel of a MFCN paired (FDD) band with a supplemental downlink channel(s) in the unpaired spectrum to increase the downlink capacity”

So SDL can only amend existing DL band and therefore can not operate as only DL band. EU regulatory clearly does not allow SUL+SDL pairing and changing regulatory requirements is very long process. 

Observation4 : Regulatory requirements clearly state SDL can only be aggregated with another downlink band. 
2.4
Summary
In conclusion, SUL+SDL pairing creates a complicated requirement framework in RAN4, spectrum management through basket WID will degrade quality of Ran4 specifications, implementation complexity is at least equal to FDD band and regulatory requirements in EU need to be changed if SUL+SDL pairing is selected.

Proposal 2: RAN4 will not define SUL+SDL pairings but will retain defining FDD bands for new paired spectrum cases.
Conclusion
We discussed what is SUL+SDL and found out that RAN4 does not understand enough about SUL+SDL pairing to respond RAN2 LS. 
Proposal 1: RAN4 to send LS to RAN1 asking what power control and timing assumptions carry from A+SUL operation to A+(SUL+SDL) operation.   
We discussed SUL+SDL pairing compared to FDD approach and made four observations:
Observation 1: From RAN4 specification point of view, SUL+SDL pairing will complicate requirement work very much over the FDD approach, either in 3GPP or then in direct discussions between implementing companies and customers

Observation 2: Handling new spectrum in SUL+SDL pairing manner will degrade the quality of 3GPP specifications and lead to false assumptions on performance

Observation 3: From design point of view, SUL+SDL pairing does not provide any benefits over FDD band

Observation4 : Regulatory requirements clearly state SDL can only aggregate an other downlink band. 
Based on observations, we made one proposal:
Proposal 2: RAN4 will not define SUL+SDL pairings but will retain defining FDD bands for new paired spectrum cases
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