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1 Introduction

In RAN1#90bis meeting, NR FDD operations was discussed and it was agreed that common framework between NR FDD and NR TDD should be used/starved [1]. 

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

This contribution discusses the remaining issues in supporting NR FDD. It was observed that existing components in NR can already efficiently support FDD operations. 
2 Discussions  
As discussed and concluded in last RAN1 meeting, common framework are supported for NR FDD and NR TDD. It applies at least for scheduling and HARQ. However, it is still possible that different favorite usage of common feature may apply in NR FDD and NR TDD. 
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,

1) A slightly larger TA (e.g. about 20us similar to LTE TDD) can be configured by the gNB to allow switching and processing time; 
2) By configuring a CORESET not starting from symbol 0, at least one symbol for switching and processing at the gNB is generated;

3) If larger gNB/UE processing time is needed, a long PUCCH with short duration (can be 4 at minimum) can be used to generate a gap. The gap generated by long PUCCH is almost same to short PUCCH, i.e. 10 versus 13. On the other hand, long PUCCH can support UE multiplexing so that the resource efficiency is also similar to short PUCCH. 
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Figure 1: HARQ operations with long PUCCH
If an offset is desired in certain scenario, an agreement from last meeting is no signaling regarding the offset in RMSI. The only way to support it is managing TA configured to UEs. TA handling can be transparent i.e. gNB can configure a larger TA which compensates propagation delay, and further move UL slot advance (e.g. by several symbols) to generate the offset. On the other hand, a proposal is to support negative TA values (time lag actually) in additional to the commonly used positive TA values. 
In LTE, TA is quantized to 11bits with granularity of 0.52us. The supported TA value range is from 0 to 1282, which is dimensioned to 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. However, it is questionable whether 12 bits are really useful, since the current PRACH preamble doesn’t support that large cell. 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. 
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Figure 2: Larger TA to generate an offset

On the other hand, if range of TA is not that large, gNB may configure a smaller TA which generates a time lag of UL slot from DL slot, as shown in Figure 3. 
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Figure 3: Smaller TA to generate an offset

In conclusion, with existing LTE TA design, i.e. all values are positive, gNB has already the freedom to generate an offset (positive or negative) between DL slot and UL slot by configuring proper TA. In this sense, a negative TA is not needed.  
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. 

Another open issue is how to support HD-FDD. HD-FDD is deprioritized before December this year according to guideline from RAN plenary meeting #77. NR supports dynamic scheduling/HARQ timeline, slot/min-slot and flexible start/end OFDM symbols for PDSCH/PUSCH transmission. Such features enable gNB to support HD-FDD UE efficiently by implementation. For example, gNB can schedule a proper gap during the interval gNB wants to switch UE’s transmission direction. Length of the gap can be well controlled to fit UE’s switching time since flexible start/end OFDM symbols for PDSCH/PUSCH is supported. Similar to LTE, HD-FDD can be an optional feature for NR. 
Proposal 2:

· HD-FDD can be an optional feature in NR. Existing FD-FDD schemes are reused to support HD-FDD. 
3 Conclusions
In this contribution, we provide our views on remaining issues to optimize FDD operations. We make the following observations. 
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. 
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