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Introduction
This contribution is revision of R1-1713859.
Symbol alignment between DL and UL link of the different cells for orthogonal RS and advanced receiver has been discussed for several times in previous meetings but there was no conclusion. This contribution is to continue the discussion on this issue. In this document, we observed symbol alignment operation for 60 and 120 kHz subcarrier spacing and propagation delay within CP length is more optimized than 15kHz and 30kHz SCS cases. In addition, symbol alignment including orthogonal DMRS does not require new function except for supporting TDMed RS orthogonality for advanced receiver. Existing function like TA adjustment, PDSCH/PUSCH starting symbol adjustment and PDCCH control length flexibility are sufficient in most cases.
Discussion
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Figure 1 Cross-link interference 
Cross-link interference was identified as main issue in NR duplex discussion and it will heavily impact the performance. One scenario on cross-link interference is shown in Figure 1, where UL transmission would interfere with DL reception in UE side. Most discussions assumed that timing of cross link interference and received signal are aligned in symbol level, which is friendly for cross link interference mitigation and advanced receivers. But in practice timing misalignment may happen due to propagation distance difference and DL/UL switching time handling [1]. It may heavily impact the performance of cross-link interference mitigation. 
To keep timing aligned in symbol level can make RS orthogonal possible regardless of the orthogonal manner is CDM, FDM or TDM. In our view RS orthogonality is the key assumption for advanced receiver.
As we see the behavior difference between 15/30 kHz SCS case and 60/120 kHz SCS case, we discuss these cases separately. We see SCS with 60kHz or 120kHz is more optimized case for timing alignment from resource utilization point of view.
The behavior of 15 kHz and 30 kHz SCS case
In case of 15 kHz SCS and 30 kHz SCS, the duration of one OFDM symbol is around 70us and 35us respectively. Assuming switching time is 8us based on RAN4 discussions [1], the switching time will only occupy 11.4% and 22.8% of one OFDM symbol respectively.  In a slot, two switching can happen. One is DL-UL switching and another is UL to DL switching. To make symbol timing aligned basically requires two symbols, which mean a large overhead and not efficient from resource utilization point of view. Figure 2 illustrate 15 kHz and 30 kHz SCS case. UE 1 uses DL dominant slot and UE2 uses UL dominant slot. Gap 1 is the time for DL to UL switching and Gap 2 is the time for UL to DL switching. PUCCH transmission is not timing aligned with gNB timing. This PUCCH timing is realized by TA. The sum of Gap 1 and Gap 2 length can be granularity of OFDM symbol in order to have the alignment in the later slots. In figure 2, the sum of Gap 1 and Gap 2 length is 1 OFDM symbol. Comparing with timing alignment case, this approach could improve the resource utilization as only one OFDM symbol is used for switching. 
Observation 1: Symbol alignment for 15 kHz SCS and 30 kHz SCS cases is not optimized from resource utilization point of view.
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Figure 2 Timing relation of 15KHz and 30KHz SCS

The behavior of 60 kHz and 120 kHz SCS case
In case of 60KHz or 120KHz SCS, to support aligned timing is much easier as the granularity of one OFDM symbol in time domain is finer. At least one symbol can be used for DL to UL or UL to DL switching. Figure 3 shows one example for 120KHz SCS, where one OFDM symbol is around 9us, which is similar to switching time of 8us. The waste of one OFDM symbol is smaller compared with 15 or 30 kHz SCS case. For UE1 with DL dominant slot, one symbol is used for switching from PDSCH and PUCCH. One symbol is used for PUCCH and PDCCH switching. For UE2 with UL dominant slot, one symbol is used for PDCCH to PUSCH/PUCCH switching and one symbol is used for PUSCH/PUCCH to PDCCH switching. One symbol is used for PDCCH and PDSCH to make DL DMRS and UL DMRS are aligned in the same symbol. Then DL DMRS and UL DMRS can be kept orthogonal in CDM or FDM manner. Another option is TDMed manner, as shown in Figure 4, where starting position of PDSCH/PUSCH are not necessary to be aligned but some blank REs are needed to protect DMRSs. The benefit of TDMed RS orthogonality is better resource utilization as there is no need to align the starting positions of PDSCH and PUSCH so that there is no additional gap to shift the starting position.
Observation 2: Symbol level alignment for cases of 60 kHz and 120 kHz SCS and the prorogation delay within CP length is more optimized from resource utilization point of view.
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Figure 3 Timing is aligned (DMRSs are CDM) in case of 60KHz, 120KHz or 240 SCS
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Figure 4 Timing is aligned (DMRSs are TDM) in case of 60KHz, 120KHz or 240 SCS

The gap for switching can be realized by the following approaches,
· Explicit indication of start/end position of PUSCH/PDSCH
· SFI indication for the end of PDSCH and for the start of PUSCH 
· PDCCH region size dimensioning
· Timing advance
Above functions except for timing advances are already available according to the control session discussion. TDMed RS orthogonality may or may not require some new functions to design blank REs. TDMed RS may be available for the purpose to increase orthogonal MU-MIMO users regardless of symbol alignment of NR duplex. If TDMed RS is not supported from other than NR duplex reason, considering spec efforts, not adopting TDMed RS orthogonality is possibility. Therefore, no new function is required for symbol alignment in NR duplex.  
In [1], additional gap between DL control and DL data is proposed. It can allow symbol-level timing alignment between DL reception and UL transmission but it will introduce additional spec effort, complexity and overhead. In addition, it is unclear how to align the timing if more than 2 cells need to be aligned. So based on overall consideration, we prefer the solution without additional standardization effort from NR duplex point of view.   
Proposal 1: No new function is required for symbol alignment in NR duplex.

If PDCCH and data are in the same symbol, symbol alignment is not possible but we think symbol alignment is limited only when PDCCH and data are not in the same symbol. 

Conclusion
In this contribution we discussed timing alignment in NR duplex. Based on the discussions, we have following observations and proposal, 
Observation 1: Symbol alignment for 15 kHz SCS and 30 kHz SCS cases is not optimized from resource utilization point of view.
Observation 2: Symbol level alignment for cases of 60 kHz and 120 kHz SCS and the prorogation delay within CP length is more optimized from resource utilization point of view.
Proposal 1: No new function is required for timing alignment in NR duplex.
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