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Background and previous agreements
The initiation to discussions in this topic comes mostly from RP-172022 [1]. In that document an “NR FDD gap analysis” is provided. It is discussed if the FDD operation in NR is straightforward or if it does require additional specification work. Following the RAN#77 plenary discussions on NR down-scoping, following agreements have been made.
	Duplexing air-interface support
· Aiming December 2017 completion:
· Dynamic TDD scheduling/HARQ framework
· Semi-static TDD
· FDD full duplexing
· Aiming completion beyond December 2017, exact completion target (June/2018 or other) to be re-discussed at RAN#78 on a case-by-case basis:
· FDD half duplexing
· Interference measurement related to dynamic TDD



During RAN1#90b the scheduling and HARQ framework as well as the need to introduce low latency operation for FDD have been discussed . Following agreements were made related to FDD [2].
	Agreements:
· Same scheduling framework is supported for paired and non-paired spectra 
· Note: This applies to both slot based and non-slot (mini-slot) based scheduling
· Note: This includes that data transmission can be indicated with start symbol and duration
· Note: this also includes SFI
· Same HARQ framework is supported for paired and non-paired spectra
· Dynamic HARQ management is supported in the same way for both paired and non-paired spectra
· All PUCCH formats are supported for both paired and non-paired spectra
· Unless necessary, no intention to distinguish paired vs. non-paired spectra in the relevant specifications

Agreements:
· It is already possible to have an offset between DL and UL by using UL TA. 
· No additional specification impact is necessary
· Note: the finalizing the UL TA range of values will take into account the need of the offset

Conclusion:
· The UL carrier information is already in RMSI
No additional spec impact is necessary


 
For RAN1#91, 5 companies have submitted contributions ([3]-[7]) to this agenda item and discussed following issues
1. Duplexing flexibility in FDD band (new issue)
2. The need for UL/DL time offset and the characteristic (continued discussion from last meeting) 
3. Support of half duplex (continued discussion from last meeting)
4. SFI for FDD (new issue)
5. Slot format indicator (new issue)

In section 2, the different technical topics that could be identified during the contribution review are presented
In section 3, proposals are made how to move on with the technical discussions on the identified topics  
In section 4, the views form the source contributions are listed. 
Presentation of technical issues
	Nr
	Issue
	Addressed by
	Description

	1
	Duplexing Flexibility
	LGE [4]
	· It should be possible to support dynamic or semi-static TDD UL/DL operation in paired spectrum
· The same techniques can be assumed for duplexing flexibility operation for FDD band where one or both of DL/UL spectrum can be operated with semi-static or dynamic TDD.
· Proposal from [4]: Proposal 2: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 

	2
	UL/DL slot offset
	LGE [4], Samsung [6],
Intel [5], ZTE [3]
	· Last meeting it has been observed that an UL/DL time offset is beneficial to support in NR
· Agreement was made that it can be achieved by TA without specification impact
· From contributions to this meeting: 
· Samsung and Intel, do not really see the need for UL/DL slot offset and want to have aligned UL/DL slots. 
· LGE prefers the cell-specific UL/DL offset. They refer to a potential problem of overlapping PRACH transmission and uplink transmission with large TA. This could increase the guard and require more overhead.  
· UL/DL offset with TA:
· LGE: including negative values or only positive values
· Samsung prefers positive values
· Bit range in TA has also been discussed:
· ZTE: neutral on bit width
· Samsung: If 12 bits are adopted for TA, then no impact form UL/DL slot offset. If 11 bits are used for TA, a scheme is presented to realize the slot offset with 11 bits as well

	3
	Half-duplex
	Samsung [6]
	· Half-duplex can be optional. Existing FD-FDD schemes are re-used for HD-FDD

	4
	Relationship TDD and FDD SFI
	ZTE [3]
	· Relationship between SFI for TDD and FDD has been discussed
· The FDD can be derived by a set of rules from the superset TDD table, this would mean that the FDD table is a sub-set of the TDD table. 
· This means that when a UE is configured with an FDD table, a smaller bitmap can be used or when a UE configured with both TDD and FDD, only the TDD table needs to be configured and the FDD table is implied.    

	5
	Slot format indicator
	Ericsson [7]
	The slot formats in NR are to be decided upon. Clearly, simultaneous support of complete UL and DL slots is needed. This can easily be added to the relevant table in 38.211.



Proposals on how to move on with identified issues
	Issue#1
	Proposal:

	Duplexing flexibility
	· This feature makes sense to have and would be worth discussing it further in detail later on.
· Due to the time pressure, it is not really essential for R15.
· However, agreeing not to preclude e.g. UL/DL centric slot type for paired spectrum should be an easy and quick thing to do during this meeting   

Proposal: 
· Agree on “Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR.”
· Otherwise, no further discussion on duplexing flexibility is needed in this meeting.

	Companies’ view on Issue#1

	ZTE
	We agree on above proposal

	Panasonic
	The meaning of proposal is a bit unclear. The various slot types "Various slot types e.g., DL only, UL only, DL/UL centric are applicable to paired spectrum in NR" is good as the target in future but no need to agree the functionality itself in Release 15. On the other hand, forward compatibility function should be supported in paired spectrum. Therefore, our proposal is following. We think no need of additional agreement on unpaired band.
"Various slot types e.g., DL only, UL only, DL/UL centric are applicable to paired spectrum in NR. In UL symbols of DL spectrum of paired band, UE shall not transmit anything and shall not assume anything. In DL symbols of UL spectrum of paired band, UE shall not transmit anything and shall not assume anything."

	
	

	
	Updated proposal how to move on after feedback from companies

	
	It seems consensus on that various slot types are supported for both paired and unpaired spectrum:
· LG: “Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR.”
· Ericsson:” Simultaneous support of complete UL and DL slots is needed. This can easily be added to the relevant table in 38.211
· Panasonic: Various slot types e.g. DL only, UL only, DL/UL centric are applicable to paired spectrum in NR.

Proposal: 
· Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR.”
· FFS: whether or not all slot types in paired spectrum apply to both the UL part and the DL part  

Further discussion is needed on the FSS whether to apply all slot FDD types for both DL and UL spectrum part or only on one of them:
· LGE: in paired spectrum various slot types are not restricted to either the UL or DL part of the spectrum
· Panasonic: The same slot types are applicable for both paired and unpaired spectrum. For R15, in UL symbols of DL spectrum of paired band, UE shall not transmit anything and shall not assume anything. In DL symbols o UL spectrum of paired band, UE shall not transmit anything and shall not assume anything.  



	Issue#2
	Proposal:

	UL / DL slot offset
	· We have made the observation that UL/DL slot offset can be beneficial and we have an agreement that it can be realized with TA
· Furthermore, we have the note in the agreement: “the finalizing the UL TA range of values will take into account the need of the offset”

Further discussion needed:
1) Only positive values in TA (Samsung) or positive and negative values (LGE)
2) Is the bit size of the TA affected by the UL/DL slot offset 


	Companies’ view

	ZTE
	Agree, to discuss the above issues further.
One issue that we are wondering is if “having negative TA value” would have specification impact or not? If yes, it could be considered against the agreement from last meeting. In such case, only positive TA values would be supported and we only need to discuss 2).
If it does not break against the agreement, we should discuss it. In our view, having only positive TAs would be simpler, but we are open to both approaches.
We are fine to increase the bit width in TA if it is needed and simplifies the solution.

	Panasonic
	When certain time distance are available between gNB and UE, only positive value can be sufficient as negative value can be realized by realizing the amount of TA value less than required.
Depending on front-hall and RF component delay difference between DL and UL, negative value can be benefit when propagation delay is very small. Negative TA value can be considered but the whole design or processing order should not modified because of negative value. 

	
	

	
	Updated proposal after feedback from companies

	
	Further discussion is needed:
· Positive TA vs negative TA values
· Is the introduction of negative TA values feasible (e.g. does the introduction of negative TA values change processing order
· Does the bit size of the TA need to be increased? 



	Issue#3
	Proposal:

	Support of half-duplex
	· De-prioritized in RAN#77
· The discussions last meeting confirmed, that we do not need to work actively with half-duplex during this meeting, at least as long as we do not “block” an efficient support of half-duplex at a later stage.
· The current agreements don’t do not preclude an efficient introduction of half-duplex later

No discussion on half-duplex is needed in this meeting  

	Companies’ view

	ZTE
	No further discussion needed in this meeting.

	Panasonic
	As far as #1 is addressed, forward compatibility of half-duplex is covered in our view.

	
	



	Issue#4
	Proposal:

	Relationship between SFI for TDD and FDD
	· The SFI table for FDD needs to be defined for R15.
· Reusing some entries from TDD table according to pre-defined rules could be a quick way to generate the entries for the FDD table.     
· Could be worthwhile to discuss if this is sufficient or if extra entries are needed for FDD table.

Proposal: Discuss if it is sufficient to generate SFI for FDD out of the TDD table (according to predefined rules). 

	Companies’ view

	ZTE
	We would like to discuss the SFI for FDD further. Our preference is to derive the FDD table from the TDD table since this can reduce the specification effort and the signaling overhead  

	
	Just to reuse the design from TDD can be sufficient. Discussion point could be related to following options.
1. SFI value for DL spectrum and UL spectrum are separately given by UE
2. One SFI value covering both DL and UL spectrum are given in a slot. This requires FDD specific SFI table.
3. Only time domain information is given to UE respectively.  

	Panasonic 
	[bookmark: _GoBack]One SFI index value applied to both UL and DL spectrum or separate SFI index for respectively for UL and DL needs the discussion. The relation with time domain resource allocation needs to be clarified.

	
	

	
	Updated proposal after feedback from companies

	
	Further discussion needed.
· For paired spectrum, is one SFI index value applied to both UL and DL spectrum, or a separate SFI index for UL/DL?
· Is it feasible to generate FDD entries from the SFI table for TDD after predefined rules 



	Issue#5
	Proposal:

	Slot indicator
	· Simultaneous support of complete UL and DL slots is needed. This can easily be added to the relevant table in 38.211

Proposal: Agree on the support of simultaneous complete UL and DL slots.

	Companies’ view

	ZTE
	We agree that simultaneous support of complete UL and DL slots is needed. If the spec needs to be updated, then of course, this is fine. 

	
	

	
	Updated proposal after feedback from companies

	
	Combined with proposal to Issue 1:



Contribution review – company by company
	Company
	Views

	ZTE
R1-1719496 [3]
	DL/UL sub-frame offset: If needed, the DL/UL sub-frame offset can be realized with the TA 
- Neutral view on whether or not the bit width of the TA needs to be increased for this purpose.
- Neutral view on whether to realize the TA with a negative or positive shift 
FDD SFI tables: In our view, if SFI tables shall be used for FDD, they can be derived according to pre-defined rules from the TDD table. We make the following proposal:
Proposal 1: Only the TDD SFI table needs to be configured. The FDD SFI tables are derived according to pre-defined rules from the TDD SFI table.

	LGE
R1-1719946 [4]









	Two issues discussed:
UL/DL time offset
Based on discussions, clear benefits of UL shift have been observed and it was agreed that some aspects would be considered in designing TA values. 
Use case: low latency, NR/LTE co-existence.

Claim: Cell specific approach to realize the UL/DL offset is more efficient than the TA approach
Proposal 1: If UL slot boundary shift is realized by TA offset, consider negative TA values. Considering potential impact on spectral efficiency, further consider to adopt cell-specific UL slot boundary shift offset. 
The reason to prefer negative offsets is that it allows to low latency without changing the current scheduling framework
Duplexing Flexibility (New issue)
To support various usage scenarios which changes traffic pattern dynamically, mechanisms to allow dynamic adaption of downlink and uplink portions should be supported even in the paired spectrum.
Therefore, NR system design (especially, at least frame structure for FDD and TDD) should be considered to support duplexing flexibility operation in both TDD and FDD band. 
In our view, the same techniques can be assumed for duplexing flexibility operation for FDD band where one or both of DL/UL spectrum can be operated with semi-static or dynamic TDD.

Proposal:
Proposal 2: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 

	Intel 
R1-1720107 [5]
	Issues being discussed: low latency, high resource utilization, sufficient coverage
low latency = minimum 2 HARQ processes), 
high resource utilization = DL and UL resource are fully used), 
high coverage = comparable coverage as in TDD under same latency requirement) in FDD. 
Two schemes are compared: 
· Scheme 1 – UL/DL slot alignment
· Scheme 2 – UL/DL slot offset

Observation 1: Scheme 1 and Scheme 2 can both achieve minimum 2 HARQ processes
Observation 2: Given same latency constraint, FDD system with scheme 1 can achieve at least same coverage as a TDD system operating in the same carrier frequency. The coverage is constrained by the UE and BS processing capability. 
Observation 3: Given same latency constraint, FDD system with scheme 1 can achieve larger coverage than a FDD system with scheme 2 operation in the same carrier frequency. 
Observation 4: Scheme 2 will cause low resource utilization for links with HD-FDD.  
Observation 5: Scheme 1 does not require additional specification effort for FDD in order to meet the latency requirements in TDD systems 
Based on the observations, we have the following proposal:
Proposal 1: Apply DL and UL slot timing alignment as in LTE FDD.

	Samsung
R1-1720364 [6]
	Preference not to have an UL/DL offset
One potential issue is whether/how to support generation of an offset between DL slot and UL slot in NR FDD. In this way, it supports full slot PDSCH transmission by short PUCCH based HARQ-ACK feedback with 2 HARQ processes [3]. However, as discussed in [2], multiple ways other than introducing DL/UL slot offset can get the same benefits and are specification transparent. In brief, the identified schemes at least includes,

If offset shall be supported then the discussion is about the bit width used in the TA
TA with11bits. The supported TA value range is from 0 to 1282, support cell size of 100km. According to current progress in NR initial access, a working assumption is 12 bits are used for TA which could support cell size of up to 300km.
Assuming 12 bits are used for TA, with the assumption supportable cell size by other NR features are only about 100km, gNB practically have the freedom to configure a larger TA to generate an offset (further time advance) between DL slot and UL slot in addition to propagation delay compensation, as shown in Figure 2.
If 11 bits are used, there are other “tricks” to achieve the offset
Observation 1:
· Multiple ways other than introducing DL/UL slot offset can reduce latency of PDSCH HARQ transmission;
· gNB may configure a TA to manage offset between DL slot and UL slot in addition to propagation delay compensation transparently. 

Proposal 1:
· Negative TA (time lag actually) is not supported in NR. 

Proposal 2:
· HD-FDD can be an optional feature in NR. Existing FD-FDD schemes are reused to support HD-FDD. 

	Ericsson
R1-1720851 [7]
	At RAN1#90bis it was agreed that the NR can support both FDD and TDD using the same framework, that is, no major difference between FDD and TDD is foreseen. In this contribution, we list some aspects that needs to be kept in mind to ensure FDD as well as TDD support in NR.
Slot format indicator
The slot formats in NR are to be decided upon. Clearly, simultaneous support of complete UL and DL slots is needed. This can easily be added to the relevant table in 38.211.
Offset between UL and DL
In LTE, there is a quantity TA_offset which equals 624 for TDD and 0 for FDD. This offset is used in addition to the TA obtained from the network.
During the e-mail discussion on 38.211 it became clear that a similar offset is needed for NR. However, unlike LTE, it cannot be tied to a certain frame structure but is linked to the operating frequency band, signalled in the RMSI, as given by the RAN4 specifications.
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