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1. Introduction

In RAN1#90bis[1], discussions on paired spectrum were occurred, and the followings were agreed. 
	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 further discusses necessary TA values for UL/DL offset, and further discuss inefficiency of TA approach compared to cell-specific UL offset particularly considering RACH transmission. 

2. Discussion
2.1. Discussion on UL slot boundary shift
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. 
As shown in Figure 1, with UL slot boundary shift, even with keeping slot-level scheduling structure, fast HARQ-ACK feedback from UE and fast retransmission from the network is allowed. 
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Figure 1. Illustration of UL slot boundary shift
In another use case where UL shift can be beneficial is the LTE-NR coexistence case. In LTE-NR coexistence case, at least one or up to three symbols in each subframe cannot be used for downlink. Thus, it would be good if such reserved resources are aligned with UE processing delay between PDSCH and HARQ-ACK feedback as illustrated in Figure 2. Though depending on UE capability, the required processing delay between PDSCH and PUCCH is different (e.g., [2.5-4] for 15 kHz and [2.5-6] for 30 kHz), it would be good if the delay can be absorbed in reserved resources from NR perspective. This is particularly useful in case of half-duplex FDD case. As mentioned in the meeting, UL shift may have more DL-UL transition than no UL shift case. However, even with no UL shift, depending on TA, different number of DL-UL switching is expected. 
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Figure 2. Illustration of UL slot boundary shift in LTE-NR coexistence case

In shifting UL slot boundary, we can consider two options. 

(1) Shift X us or Y symbols from DL slot boundary such that same slot PUCCH feedback is supported. In case of retransmission, fastest retransmission can occur at n+2 if HARQ-ACK is transmitted at n slot. 

(2) Shift –X us or – Y symbols from DL slot boundary where PUCCH feedback always occurs n+1 slot where n is the slot where PDSCH is transmitted. In case of retransmission, fastest retransmission can occur at n+1 if HARQ-ACK is transmitted at n+1 slot. 

If we need to support k1 = 0, and k2= 0 (k1: time between PDSCH and PUCCH in terms of slots, and k2 : time between PDCCH and PUSCH in terms of slots), the first approach is more appropriate. Not to change the current scheduling timing framework, overall, it is desirable to consider the first approach. 

To realize the first approach, we can consider either adopting negative TA values or considering cell-specific UL shift configuration. One of potential drawback of adapting TA per UE is to handle the cases where PRACH transmission and uplink transmission with large TA overlap. Even if the cell size is small, and thus, short CP is assumed for PRACH transmission, due to large TA value on data transmission which potentially overlap with PRACH transmission, more guard is necessary. This will increase the overall overhead as the RACH resources increase. 

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. 
2.2. Consideration of duplexing flexibility operation in NR FDD

Paired spectrum would define downlink and uplink spectrum rather statically and thus the ratio between downlink and uplink portion is fixed. 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. As agreed in RAN1 #87 meeting [2], duplexing flexibility means at least mechanism to manage resource flexibility for UL and DL for both paired (FDD) and unpaired (TDD) 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. 

As agreed in RAN#71, both dynamic and semi-static TDD operations are considered before December. 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. From RAN1 perspective, we consider that similar UE-to-UE CLI measurement and reporting mechanism and CLI management techniques can be applicable to both NR FDD and NR TDD.

To support duplexing flexibility in FDD, we see the followings are necessary from RAN1 perspective. 

(1) Either UL spectrum only or both DL/UL spectrum can be configured with semi-static DL/UL configurations. 

(2) Either UL spectrum only or both DL/UL spectrum can be operated with dynamic DL/UL configurations.

(3) Forward compatibility aspects to adopt cross-link interference mitigation techniques should be supported

Figure 6 illustrates one example of potential CLI in FDD UL band with different slot structure when gNB2 can change transmission direction of FDD UL band to DL in second slot (i.e., DL/UL only slot in Fig.6 (a) and DL/UL centric slot in Fig.6 (b)). 
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(a) DL/UL only slot
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     (b) DL/UL centric slot

Figure 6: Examples of potential CLI in FDD UL band with different slot structure. 

As shown in Figure 6, there is no CLI on control channel when DL/UL centric slot is used in FDD UL band, even though DL/UL only slot suffers from CLI in all symbols. To minimize forward compatibility issues of duplexing flexibility in NR FDD, it is recommended that DL/UL centric slot is used in NR FDD even though there is minor performance (especially latency) loss due to the absent of control channel with opposite transmission direction.

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

3. Conclusions
We discussed paired spectrum aspects, and proposed the followings. 
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. 
Proposal 2: Various slot types e.g., DL only, UL only, DL/UL centric are applicable to both unpaired and paired spectrum in NR. 

4. Reference

[1] RAN1 Chairman’s notes, RAN1#90bis.

[2] RAN1 Chairman’s notes, RAN1#86bis.
