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Background
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



Eight contributions have been submitted contributions to this agenda item ([2]-[9]). The technical issues that were addressed are:
1. Unified slot structure for FDD and TDD
2. FDD operation with full slots, UL/DL alignment
3. FDD operation with partial slots / mini-slots
4. Unified HARQ process framework for FDD and TDD
5. Support of Half-duplex
6. Standardization impact 

In section 2, the contents of the submitted contributions is extracted and mapped to the different topics.
In section 3, a conclusion based on the submitted contributions is given as well as questions for discussion are raised and some suggestions for agreement are made. The reader who is interested in a quick overview about this agenda item and the open questions how to go on, can directly go to section 3.  
Topics addressed in the contributions
Unified slot structure for FDD and TDD
Observations from Contributions:
· Most companies support explicitly a unified slot structure for FDD and TDD. No companies oppose this approach
· No new slot structure seems to be needed for FDD.
· Slot types (full slots / partial slots) that are defined for TDD should also be supported for FDD

Additional comments
	Company
	Views

	
	

	
	



Some references to companies contributions related to this topic (if something is missed or misunderstood, the company is encouraged to contact me for correction):
	About unified slot structure for FDD/TDD

	Company
	From the contribution /Additional comment

	Huawei [2]
	The DL dominant and UL dominant slot format can take more flexibility for some use cases such as dynamic TDD and URLLC. “Reserved” resource can be configured to support the advanced flexibility for some specific cases and forward compatible. To make the commonality of frame structure between FDD and TDD, these slot formats can be applied to both duplex modes according with the scheduling signals from base-station.
Proposal 1: NR supports unified design for FDD and TDD at least including the unified frame structure

	Intel [3]
	No statement about unified slot structure was found in the contribution 

	Samsung [4]
	No statement about unified slot structure was found in the contribution

	CATT [5]
	Proposal 1:  The solution of FDD structure for self-contained operation should have common structure with TDD and fully resource utilization.  
Proposal 2: FDD could reuse TDD slot format with interlace structure to fully utilize DL/UL resource.

	LGE [6]
	Proposal 5: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 

	Mediatek [7]
	To achieve similar latency as self-contained TDD, both mini-slot and partial DL/UL slot format can be considered.

	QC [8]
	….and it can be seen that FDD full slot for DL and UL can be considered equivalent to TDD DL only slot and TDD UL only slot respectively
Proposal 1: For NR FDD, full and partial slots are supported for both DL and UL.

	Ericsson [9]
	NR specifications should maintain commonality between FDD and TDD frame structures



Full slot scheduling, UL/DL alignment
Observations from Contributions:
· Full slot scheduling should be supported for UL and DL, stated by all companies
· The latency and minimum number of HARQ processes is larger for full slot scheduling than for TDD.
· Full slot scheduling can in principle be supported without specification impact.
· However, no crystal clear picture from the contributions, how full slot scheduling should be supported.
· Further discussion needed:
· Is latency reduction for full slot scheduling needed? Some companies address the latency issue only with partial slots. 
· If latency for full slot scheduling is reduced with help of non-aligned UL/DL slots, shall it be done UE specific or cell specifically?
· Do non-aligned UL/DL slots cause some other problems, for instance for support of HD? How about when mixing FD and HD UEs?  
Additional comments
	Company
	Views

	
	

	
	



Some references to companies contributions related to this topic (if something is missed or misunderstood, the company is encouraged to contact me for correction):
	About Full slot scheduling

	Company
	From the contribution /Additional comment

	Huawei [2]
	No statement full slot scheduling found 

	Intel [3]
	We can see that in the examples in Figure 3 and Figure 4, transmitting HARQ-ACK on long PUCCH in the middle of a slot will need 2 HARQ processes in both DL and UL, while transmitting HARQ-ACK on short PUCCH at the end of a slot will need 3 HARQ processes in DL and 2 HARQ processed in UL.

	Samsung [4]
	Observation 2:
· For full slot scheduling, the number of HARQ processes for PDSCH/PUSCH can be reduced to {2, 2} and {2, 2} for short and long PUCCH respectively. 
· Mechanisms already supported by NR are enough to handle HARQ processes reduction, when needed

	CATT [5]
	No statement full slot scheduling found. For latency reduction, the partial slot structure is addressed.

	LGE [6]
	Proposal 1: In NR FDD, full DL/UL slot based PDSCH/PUSCH scheduling are supported. To support low latency, unaligned slot boundary between DL and UL is supported. 
However, to avoid any ambiguity between common data transmission and UE-specific data transmission, and also to align among different UEs, it is generally desirable to consider cell specific UL slot boundary shift rather than a UE-specific configuration.
Proposal 2: In NR FDD, RMSI can indicate slot offset used in UL slot boundary. 

	Mediatek [7]
	No statement full slot scheduling found. For latency reduction, the partial slot structure is addressed.

	QC [8]
	Regarding UL/DL alignment:
However, it will introduce deviation from TDD design and there would be issues with half-duplex FDD as discussed in the previous section.

	Ericsson [9]
	FDD – Timing Advance
· Same structure for FDD as for TDD (alt 1 or alt 2)
· Large TA could allow for faster retransmission




FDD operation with partial slots / mini-slots
 Observations from contributions:
· All companies say that partial slots should be supported for FDD as well.
· No standardization impact. Reuse the slot structures from TDD
· With partial slots, the latency can be reduced compared to full slot scheduling
· With partial slots from network perspective, no problem with blanked resources. Different UEs can be scheduled
· Further discussion could be needed: With partial slots from the UE perspective, there might be problems with the peak rate that can be supported. Is partial slot transmission sufficient?
· Most companies: Pro:
· With UL/DL centric slot structures, the performance can still be quite good
· Mini-slots can be scheduled in the blanked resources (CATT,
· CON: (LGE [6])
· Extra complexity added for partial slot operation. Full slot and UL shift shall be supported as well.
Additional comments
	Company
	Views

	
	

	
	



Some references to companies contributions related to this topic (if something is missed or misunderstood, the company is encouraged to contact me for correction):
	About partial slot scheduling

	Company
	From the contribution /Additional comment

	Huawei [2]
	Comment: No explicit statement is found about partial slots. But from Figure 2, it seems that partial slots shall be supported. 

	Intel [3]
	For HD-FDD (from BS perspective), the operation is very much like TDD. The only difference is that HD-FDD transmits DL and UL in different carriers while TDD DL and UL are in the same carrier. As NR scheduling and HARQ design is duplexing mode agnostic, we expect the same scheduling/transmission/feedback flexibility and resource utilization as in TDD can be achieved by HD-FDD.

	Samsung [4]
	Observation 3:
· For partial slot scheduling, the numbers of HARQ processes for PDSCH/PUSCH can be reduced to {1, 1} and {2, 1} for short and long PUCCH respectively which are the minimum possible numbers. 
· Mechanisms already supported by NR are enough to handle HARQ processes reduction when needed.
Observation 4:
· Mini-slot scheduling can be used to fill up any blanking resource of partial slot scheduling to avoid resource waste. 

	CATT [5]
	Use 2 bursts to fill the gap of blanked resources:
The alternative is to have another DL/UL bursts in place of “empty” resource allocation in the partial slot based solution.   The additional DL/UL bursts could be scheduled by the same CORESET in the slot-based scheduling or additional CORESET for the mini-slot based scheduling.    Both would meet the timing requirements of HARQ-ACK transmission and UL data transmission.   

	LGE [6]
	When partial DL and UL slot structures are also used via dynamic scheduling flexibility and short PUCCH, Figure 1 shows one example of latency for downlink and uplink transmissions. When this approach is used, we see multiple potential drawbacks as follows. …..
Proposal 6: In NR paired spectrum, the followings are supported. 
· FDD frame structure of DL only and UL only for each DL and UL spectrum respectively with UL slot shift configuration
· Various slot types including partial DL/UL slots 
· Dynamic indication of starting OFDM symbols and duration in scheduling DCI for PDSCH and PUSCH
· Short PUCCH transmission
· Mini-slot based scheduling
· Group common PDCCH

	Mediatek [7]
	Proposal 2. Partial DL/UL slot can be consider as one slot structure of NR FDD. 
· Two UEs can be multiplexed within one slot with a TDM manner, which can be supported by the existing NR scheduling mechanism.

	QC [8]
	In order to fully reuse the implementation in TDD, exactly the same HARQ timeline can be achieved with FDD partial slots shown in Figure 2. Both DL and UL HARQ timeline is shown with short PUCCH in Figure 3 and with long PUCCH in Figure 4. It can be assumed that the timing in Figure 3 and Figure 4 is at gNB (i.e., after TA and propagation delay). The blank part in both DL and UL spectrum can be utilized by mini-slots (for same or different UEs) to maximize spectral efficiency of the spectrum

	Ericsson [9]
	NR specifications should Maintain commonality between FDD and TDD frame structures


HARQ scheduling in FDD
Observations from Contributions:
· Summary on required HARQ processes [4]
Number of HARQ process for full/partial slot scheduling
	
	Type of PUCCH
	DL/UL
	Number of HARQ processes

	
	
	
	Ideal values
	Values from [1]
	Values supported by current NR mechanisms

	Full slot scheduling
	short
	PDSCH
	2
	3
	2

	
	
	PUSCH
	2
	3
	2

	
	long
	PDSCH
	3 or 2*
	4
	3 or 2*

	
	
	PUSCH
	2
	3
	2

	Partial slot scheduling
	short
	PDSCH
	1
	2
	1

	
	
	PUSCH
	1
	2
	1

	
	long
	PDSCH
	2
	3
	2

	
	
	PUSCH
	1
	2
	1


* 3 for long PUCCH with 14 symbols, 2 for long PUCCH with less than 14 symbols
· Companies support a unified framework for HARQ in FDD and TDD
· That would mean that dynamic indication of HARQ response also supported in FDD
· It seems common understanding among the companies that the dynamic nature of HARQ timing for TDD also can be applied for FDD. 
· No specification impact expected
· Question for further: Do we have/need a requirement on minimum number of HARQ processes for FDD?
Additional comments
	Company
	Views

	
	

	
	



Some references to companies contributions related to this topic (if something is missed or misunderstood, the company is encouraged to contact me for correction):
	About HARQ scheduling in FDD

	Company
	From the contribution /Additional comment

	Huawei [2]
	Proposal 1: NR supports unified design for FDD and TDD at least including the unified frame structure and unified HARQ timing mechanism.

	Intel [3]
	As NR scheduling and HARQ design is duplexing mode agnostic, we expect the same scheduling/transmission/feedback flexibility and resource utilization as in TDD can be achieved by HD-FDD

	Samsung [4]
	Comment: No explicit statement regarding commonality between TDD/FDD HARQ found 

	CATT [5]
	Proposal 2: FDD could reuse TDD slot format with interlace structure to fully utilize DL/UL resource.

	LGE [6]
	Comment: No explicit statement regarding commonality between TDD/FDD HARQ found

	Mediatek [7]
	Comment: No explicit statement regarding commonality between TDD/FDD HARQ found

	QC [8]
	Comment: No explicit statement about commonality of HARQ framework for FDD/TDD is found. But it seems that this kind of approach is anyhow assumed in this contribution.

	Ericsson [9]
	Comment: No explicit statement regarding commonality between TDD/FDD HARQ found. Regarding frame structures, though.



Half-duplex mode
· Background: Half duplex has been de-prioritized at RAN#77
· However, this does not mean that decisions we take now, would preclude the later introduction of HD (e.g. UL/DL slot alignment, mix of FD and HD)

Observations from Contributions:
· Most companies want the efficient support of HD-FDD
· Question: Shall HD be optional or mandatory feature?
· Question for discussion: Shall FD-FDD first be finalized before HD-FDD is further discussed or do we need to consider certain aspects of HD-FDD already from start to not block efficient operation later?
Additional comments
	Company
	Views

	
	

	
	




Some references to companies contributions related to this topic (if something is missed or misunderstood, the company is encouraged to contact me for correction):
	About Half Duplex

	Company
	From the contribution /Additional comment

	Huawei [2]
	Proposal 2: Half-duplex FDD should be an optional duplex mode in NR.
Question: Does this mean from the UE perspective? 

	Intel [3]
	Comment: From reading the contribution, I get the impression that HD-FDD shall be supported at least from the network perspective. No statement is made whether HD is optional or mandatory in FDD. HD is the same as TDD only that uplink is sent on a different band.

	Samsung [4]
	Comment: HD is not addressed in this contribution.

	CATT [5]
	Comment: HD is not addressed in this contribution.

	LGE [6]
	Proposal 4. Further discuss mechanisms to efficiently support half-duplex UEs once full duplex UE design is finalized for NR FDD. 

	Mediatek [7]
	Comment: HD is not addressed in this contribution.

	QC [8]
	Advantages with HD
There are a few areas where HD-FDD has advantages compared to FD-FDD: 
1. Potentially lower cost for multi-bands device
2. Potentially better coverage for “tough bands”
3. Potentially lower power consumption for “tough bands”
In LTE, even though specified, not used in smartphones. Due to bad peak rates. In NR, HD could be much better utilized than in LTE due to NR frame structure 
Observation 3: HD-FDD can be easily adopted for FDD when UL and DL slot boundaries are aligned at the gNB.
Observation 4: HD-FDD can achieve 78.5% duty cycle with 1 symbol RF switching, 1 symbol control and 1 symbol RF switching in a 14-symbol slot structure when UL and DL slot boundaries are aligned at the gNB.
Proposal 2: RMSI should provide TDD/FDD information to allow UL and DL slot boundaries to be aligned at the gNB.

	Ericsson [9]
	NR specifications should Allow for both half-duplex FDD and full-duplex FDD



Standardization impact for NR
Observations from Contributions:
· It seems that in most companies’ view FDD can be supported without further specification impact
· Some details may still need to be standardized depending on outcome of discussions (e.g. TDD/FDD information and slot-offset in RMSI) 
Additional comments
	Company
	Views

	
	

	
	



Conclusion, Possible Agreements, Further Discussions
Key aspects extracted from Contribution
Following aspects could be extracted from the contribution review: 
	Nr
	Aspect
	Comment

	1
	FDD can in principle be supported with the current specification
	Depending on the details for the design and the outcome of the following discussions, some (smaller) specification impact could still happen. For example, to have the same sync signal design for TDD and FDD to convey this information in the RMSI instead. Or to introduce a UL/DL slot off-set in the RMSI  

	2
	For aligned UL/DL slots and full slot scheduling, the number of needed HARQ processes is larger than for TDD
	Several companies have presented schemes on how the latency can be decreased (e.g. UL/DL offset, partial slots) 

	3
	Partial slots / Unified frame structure TDD/FDD
	All companies propose that partial slots also are supported for FDD. A unified frame structure for TDD and FDD shall be supported

	4
	Unified HARQ framework for FDD and TDD
	Seems that all companies want to support that. That would e.g. mean to have a dynamic indication of the HARQ time-line.

	5
	Support Half duplex
	Half duplex shall be supported. Questions that have come up are, whether HD is optional for the UE. Furthermore, if the FD operation shall be completely specified before HD is considered. This could have some implications on e.g. UL/DL alignment.



Discussion on possible agreements
In the following, an attempt is made to formulate some possible agreements which hopefully are not too controversial. Companies are encouraged to give their view in order to formulate a final and agreeable version.  
	Nr
	Possible Agreement
	Company’s view

	1
	RAN1 shall strive for no further specification impact for supporting FDD.
	Supported by DCM, Huawei

	2
	A unified slot structure for FDD and TDD is supported.
· Both full and partial slots are supported in FDD

 
	Supported by DCM
Comment from Huawei, to for clarification, what a partial slot means, we should write instead:
· Alternatively to above bullet (Huawei)- Both FDD and TDD support slot-based and non-slot-based scheduling 


	3
	Mini-slot scheduling is supported in FDD

	Supported by DCM
Comment: Not needed if red bullet from #2 above would be agreed

	4
	A unified HARQ framework is supported for TDD and FDD
· Dynamic HARQ feedback is supported for both TDD and FDD.
	-Supported by DCM
- Huawei with one additional proposal
(Added by Huawei): All PUCCH formats are supported for both TDD and FDD



Follow-up questions
Follow-up questions for further discussions:
	Nr
	Question for further discussion
	Company’s view

	1
	Requirements on HARQ time-line. What is the minimum number of HARQ processes we need to support.
Motivation of Question: In Samsungs paper [4], an overview about the minimum required number of HARQ processes is needed. Various companies propose methods how to reduce it.
Before starting these discussions, it would be good to settle the actually needed requirement. Then, we have a common starting point for further discussions and we will know want to achieve.
One extreme case could for instance be to have one HARQ process in both UL and DL. On the other hand, as e.g. pointed out by Ericsson, having an extremely low latency will require an extremely short ACK duration and will be link-budget limited.   
	

	2
	If we want to support extremely low latency, do we at the same time have requirements for UE peak rate?
Motivation of question. Full slot scheduling could be used, but full slot scheduling would require that we need to introduce an offset between UL/DL slots. This is maybe not so nice when we want to support HD operation later on and want to mix UEs with HD-FDD and FD-FDD. 
A different approach would be to use partial slots. For partial slots, the UL/DL slot alignment can be kept but the resource utilization would become lower (if not mini-slots are used to fill the blanked resources to the UE) 
	

	3
	When UE is operating in mini-slots to fill the blanked resources, the blind decoding and control overhead will increase. What is your view on this as opposed to the UL/DL offset and use of full slots? 
	

	4
	Is it possible to support both UL/DL shift and UL/DL alignment and the use of partial slots?
From reviewing the contribution, I have a feeling that one controversial issue could become the minimum number of HARQ processes is reduced.
Some companies have proposed full slots scheduling with UL/DL shift and other the use of partial slots with  UL/DL being aligned. 
What is the companies view to support both and to make it configurable? 
	

	5
	Other?
	Companies may fill in other questions that would like to address



Additional comments
	Company
	Views

	DCM
	Regarding the follow-up questions in Section 3.3, I feel all the questions are not FDD-specific; all of them are duplex-agnostic. May I ask you whether you find some FDD-specific issues that need to be addressed specifically?

	Huawei
	We have some comments on the wording of the possible proposals. “partial slot” is not a clear term. This seems to refer to how many symbols of a slot are occupied by a physical channel such as PDSCH, PUSCH and PUCCH. In this sense, a sufficient agreement would be that “both FDD and TDD support slot-based and non-slot-based scheduling”, and “both TDD and FDD support all PUCCH formats”. Then we automatically have full slots and partial slots.
 
So on the summary from Docomo, I would suggest a clearer re-wording as below for the proposed conclusion:
 
RAN1 shall strive for no further specification impact for supporting FDD
A unified slot structure for FDD and TDD is supported
Both FDD and TDD support slot-based and non-slot-based scheduling 
A unified HARQ framework is supported for TDD and FDD
o   Dynamic HARQ feedback is supported for both TDD and FDD
o   All PUCCH formats are supported for both TDD and FDD
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