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Discussion and Decision
1
Introduction
In RAN1#89, the following agreement was done on flexible duplexing and cross-link interference management [1]:

Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 
· Details for the enablers, including:
· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference
TRP-to-TRP (DL-to-UL) interference is produced by DL transmitter in proximity of gNB receiving an UL signal. UE-to-UE (UL-to-DL) interference is created by UL transmitter in close proximity of the UE receiving DL signal in the neighbouring cell. Generally, it can further be noted that in UE-to-UE interference scenario, the distance between the victim UE and interfering UEs is relatively short in order to the interference to be noticeable. Thus, the symbols from the interfering UE can be assumed to be received by the victim UE within the normal CP duration.
In our previous contribution [1], we proposed to study and support time alignment of UL and DL data symbols between NR bi-directional slot types for UE-to-UE interference mitigation in NR Rel-15 WI. In this contribution, we discuss the further details of how this time cross-symbol alignment could be achieved. 
2
Discussion
2.1
NR symbol misalignment problem
Time alignment on symbol level between DL and UL is essential to enable e.g. cross-link orthogonal reference signals and usage of advanced receivers. In other words, the symbol boundaries between UL and DL would need to be aligned with CP accuracy. UL-to-DL switching time can be considered relatively long compared to the NR symbol lengths. 
In LTE, in order to reflect the impact of the switching time, TA-offset has been specified for TDD with the length of 624Ts (around 20µs), which is based on the minimum requirement.  In NR, shorter values are being considered, e.g. in 3GPP NR RAN4 link direction switching time of 8 us is the smallest option discussed so far and is noticeable longer than the agreed NR CP lengths, varying from << 0.5 µs to 4.7 µs (according to subcarrier spacing). Typical value of TA-offset is possible to be longer than CP time, symbol alignment between DL and UL is not currently supported in the agreed NR (bi-directional) slot formats. This has been illustrated in Figure 1, where bi-directional slot structures and UE timings of two gNB-UE pairs, one in DL and one in UL, are presented. For simplicity, propagation delay between gNB and UE is assumed to be close to zero in this illustration. As it can be seen from the figure, advanced receivers and efficient interference mitigation can’t be supported with current 3GPP NR bi-directional slot formats due to symbol misalignment.
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Figure 1. Illustration of symbol misalignment between UL and DL data.

2.2
Further enablers and considerations on symbol alignment 
The existing NR bi-directional slot type could easily be extended to support symbol alignment for DL and UL data symbols. This could be realized e.g. by inserting an additional gap between DL control symbol(s) and DL data symbols of NR bi-directional slot format, as illustrated in Figure 2. The actual length of the additional gap may be defined in terms of samples and it should be set in such a manner that the sum of the length of the gap and the length of the remaining GP in the bi-directional slot is multiple of symbol length (e.g. 1 symbol in Figure 2). When considering the length of the additional gaps, it needs to be noticed that the length of the length of the remaining GP(s) in the bi-directional slot(s) needs to be sufficiently long to cover the length of the minimum switching times required for UL-to-DL switching.

[image: image2]
Figure 2. Extended NR slot structure arrangement with additional gap between DL control and data in order to support symbol alignment in cross-link
As it can be seen from Figure 2, insertion of additional gap between DL control and DL data in order to get data symbols aligned may cause misalignment of UL control symbols. In order to fix this and to enable symbol alignment between UL control symbol(s), another additional gap could correspondingly be inserted between UL data symbols and UL control symbol(s) of NR bi-directional UL slot format, as illustrated in Figure 3. 

[image: image3]
Figure 3. Extended NR slot structure arrangement with additional gaps between both DL and UL control and data.

The remaining GP in the bi-directional slot could be adjusted with traditional timing alignment (TA). Therefore, UEs would follow the symbol timing defined by the slot configuration based on the presence of additional gap(s) and TA.
Length of the additional gaps are defined in such a manner that the sum of the length of the gap and the length of the remaining GP in the bi-directional DL or UL slot is multiple (0,1,2, ,..) of symbol length, It needs also to be noticed that the length of the remaining GP in the bi-directional slot(s) needs to be sufficiently long to cover the minimum switching times required for UL-to-DL switching. The actual length of the additional gap may be defined in terms of samples.

Proposal 1. In order to support symbol alignment in cross-link, consider supporting an extension of NR bi-directional slot format with an additional gap inserted either or both between 1) DL control symbol(s) and DL data symbols, 2) UL data symbols and UL control symbol(s).
The presence of the additional gap(s) could be determined on-need basis. It could for example be possible to have either one of the additional DL and UL gaps (Figure 2) or both of them (Figure 3) included in a slot. Also, slots which are used for single link direction in all the cells (i.e. not suffering from cross-link interference) may not contain additional gap(s) at all. 

The slots containing one or more additional gaps could be configured via higher layer signalling, i.e. in semi-static manner. Another option could be to configure them dynamically using DCI (e.g. UL grant, DL grant).
Proposal 2. Consider semi-static and dynamic configurations of the slots containing one or more additional gaps.
3
Conclusion
In this contribution, we discussed scheme to enable cross-link symbol alignment in NR slot formats. Based on the discussion we make the following observations and proposals:

Proposal 1. In order to support symbol alignment in cross-link, consider supporting an extension of NR bi-directional slot format with an additional gap inserted either or both between 1) DL control symbol(s) and DL data symbols, 2) UL data symbols and UL control symbol(s).
Proposal 2. Consider semi-static and dynamic configurations of the slots containing one or more additional gaps.
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