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Introduction
It was agreed in RAN1_86-Bis [1] [2] that NR will support at least two ways of transmissions of uplink control, as shown below:
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

In this contribution, we provide some further thoughts on how those two different types of UL bursts can coexist within the system, and what are the different usages of long and short UL bursts, respectively. Possible ways of channelization and multiplexing of different UCI’s and users in the short UL duration and long UL duration are further discussed in [3] and [4], respectively. 

[bookmark: _Ref465692285]Limitations of existing LTE TDD systems
In existing LTE TDD system, sub-frames can be configured as two possible types: uplink sub-frame or downlink sub-frame. The network can be configured as one out of several possible “D/U” patterns. The configuration of “D/U” pattern will be a trade-off between matching to the uplink and downlink traffic ratio within the cell and maximal tolerable latency. For example, if a cell has an uplink/downlink traffic ratio of 1:10, then preferably we want 1 uplink sub-frame per 10 downlink sub-frames from overhead saving perspective. However, this also leads to uplink feedback delay of 10 sub-frames. Once configured, each sub-frame is either entirely used for uplink transmission or downlink reception. Notice that a network typically has more downlink traffic than uplink traffic, and thus uplink sub-frames are generally sparser than the downlink sub-frames.
There are a couple draw backs of such design:
· Delay dependant on “D/U” pattern, particularly for uplink control & data.
· Potential mixed interference, particularly for uplink control.

With a fixed “D/U” pattern as in legacy LTE TDD, if UE has uplink information to send (either control or data), UE has to wait for the uplink sub-frame. The delay, depending on the “D/U” pattern, can be a limiting factor for time critical control/data, as uplink sub-frames are typically sparser than downlink sub-frames.
If two close-by cells have different D/U configurations for a particular sub-frame, there will be mixed interference. For example, UE receiving in downlink can be interfered by another UE transmitting in uplink. Similarly, a base station receiving in uplink can be interfered by an adjacent base station transmitting in downlink. This issue can be more serious for control channels than for data channels, which may benefit from multiple HARQ diversity and operates at higher BLER target.
Observation 1. In existing LTE TDD design, time critical control/data may suffer from delay depending on the “D/U” pattern, which is also constrained by the uplink/downlink traffic ratio.
Observation 2. In existing LTE TDD design, there could be mixed interference if two close-by cells have different “D/U” pattern. The mixed interference would particularly affect control channels, which typically requires lower BLER than data and could not benefit from multiple HARQ transmissions.
Decoupling uplink latency from D/U pattern
The proposed “uplink control of short duration” could potentially resolve (or improve) the latency issue associated with a fixed “D/U” pattern. A short uplink burst could potentially be inserted as much as once per slot (regardless of the downlink or uplink slots), which also facilitates the “self-contained” packet transmission. 
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[bookmark: _Ref465678891]Figure 1 short uplink burst as a common module in both downlink-centric and uplink-centric slots.
Figure 1 illustrates an example deployment where a short uplink burst is inserted per slot, and there is a long (regular) uplink burst inserted every 4 slots. The “DL” slot represent a downlink-centric slot, where the data portion is for downlink, while the “UL” slot represent an uplink-centric slot, where the data portion is for uplink. Such structure allows the following:
· It enables immediate feedback of Phy-layer ACK for PDSCH (i.e. self-contained slot) if the UE is capable of decoding PDSCH with low latency.
· It enables UE to transmit other uplink control, including scheduling request (SR), and SRS regardless of the D/U pattern.

The common short uplink burst also has the flexibility to accommodate UE’s with different processing capabilities, as shown in Figure 2. More capable UE’s can allow immediately ACK turn around within the self-contained slot. UE’s with slower processing power can also maintain its own pipelining and feedback ACK with appropriate delay.
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[bookmark: _Ref465761453]Figure 2 common short uplink burst enables UE with different ACK turn around capabilities
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Observation 3. With common short uplink burst within both uplink-centric and downlink-centric slots, delay of time critical control/data can be decoupled from D/U pattern.
One question is: in the uplink-centric slot, should we have separate long UL burst and short UL burst in TDM fashion as shown in Figure 1? Or allow the long UL burst extend into the short UL burst? To facilitate short delay of uplink control, such as SR and SRS, the resources of those UCI in the short UL burst might be semi-statically configured. It is desirable to have a modularized short UL design that is independent of the dynamic PUSCH scheduling from the long UL burst.

Protect UCI from mixed interference
As discussed in section 2, the control channel is typically more affected by the mixed interference than data channel, due to lack of HARQ and lower BLER requirement. In case the short uplink burst is a common module (for both downlink-centric and uplink-centric slots) configured at every slot, then the UCI within the short uplink burst will be protected from mixed interference, as. 
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Figure 3 Anchored DL and UL control protected from mixed interference.
In addition, as long as two close-by cells configure the short uplink burst at the common location (even if it is not configured every slot), the UCI within the short uplink burst is still protected from mixed interference. This would be a very desirable for interference handling in TDD deployment.
Observation 4. A common short uplink burst configuration among neighbouring cells can protect the UCI from mixed interference.
Proposal 1. NR should support a common short uplink burst structure, as well as long uplink burst. Network can configure whether a UE uses the long or short uplink bursts (or both), e.g. based on the link budget of the UE.
Proposal 2. For UE with good link budget, the short UL burst can also carry uplink data.
Network configured slot aggregation and ACK bundling
The short uplink bursts are configured as way to decouple UCI latency from “D/U” pattern. However, network doesn’t necessarily need to configure each UE to send UCI in all the short uplink bursts, and have flexibility to configure individual UE to bundle several ACK together and use only subset of the short uplink bursts opportunity, as shown in Figure 4
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[bookmark: _Ref466102530]Figure 4 Common short UL burst with UCI bundling
Different from Figure 2, from UE’s processing perspective, the demodulation pipelining is largely dominated by the feedback delay of the last bundled slot.
Further, the common short uplink does not have to be configured once per slot, if no UE or service within the network has the corresponding delay requirement. The network could have the flexibility of data slot aggregation to reduce the switching overhead. Figure 5 gives another flavour of slot aggregation and UCI bundling. With slot aggregation, UE can bundle ACK from multiple slots and send on the short uplink burst. Again, from UE’s processing perspective, the demodulation pipelining is still largely dominated by the feedback delay of the last slot.
It should be emphasized that, in order to protect the UCI from mixed interference, it is still desirable for two close-by cells to configure the short uplink/downlink control burst at a common place even with slot aggregation. (e.g. configure downlink control burst at beginning of aggregated slots, and uplink control burst at the end of aggregated slots).
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[bookmark: _Ref465762503]Figure 5 Common short UL burst with slot aggregation 

Proposal 3. Network can configure the periodicity of the short uplink burst based on the overall delay requirement of services within the network. It is desirable to configure the short uplink burst at common places between close-by cells to protect from mixed interference.
Link budget limited scenarios
The short uplink burst is a good fit for delay sensitive control (and data in some cases), as well as more protection from mixed interference. However, the limitation is the short transmit duration, which limit how many bits can be reliably transmitted, specifically for users with link budget limitation (e.g. cell edge users in macro deployment). Those users need to rely on the long uplink duration to transmit uplink control, uplink data, as well as SRS. Network should be able to configure which (or all) part of the uplink information a UE can transmit in the short and long uplink durations, respectively.
Proposal 4. For link budget limited UE’s, network can configure part or all of the uplink control/data/SRS to be transmitted using the long uplink durations.
Unified structure for FDD 
Same common short uplink burst can also be applied in FDD channelization to improve the UCI feedback delay, as shown in Figure 6. With appropriate adjustment of the timing advance, the UL ACK feedback can be sent within the same uplink slot, depending on UE’s processing power.
This also suggests that even for UE’s with only downlink traffic (i.e. no PUSCH), the UE could still use the short UL burst to quickly feedback the uplink UCI.
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[bookmark: _Ref466107378]Figure 6 Unified short UL burst structure for FDD deployment
Proposal 5. A unified short uplink and long uplink burst channelization can be applied to FDD deployment.
Conclusions
In this contribution, we provide some thoughts on supporting of common short uplink burst for NR uplink. This architecture facilitates the decoupling of uplink feedback delay from “D/U” pattern, as well as protect the UCI from mixed interference.
Observation 1. In existing LTE TDD design, time critical control/data may suffer from delay depending on the “D/U” pattern, which is also constrained by the uplink/downlink traffic ratio.
Observation 2. In existing LTE TDD design, there could be mixed interference if two close-by cells have different “D/U” pattern. The mixed interference would particularly affect control channels, which typically requires lower BLER than data and could not benefit from multiple HARQ transmissions.
Observation 3. With common short uplink burst within both uplink-centric and downlink-centric slots, delay of time critical control/data can be decoupled from D/U pattern.
[bookmark: _GoBack]Observation 4. A common short uplink burst configuration among neighbouring cells can protect the UCI from mixed interference.
Based on the above observations, we propose the following:
Proposal 1. NR should support a common short uplink burst structure, as well as long uplink burst. Network can configure whether a UE uses the long or short uplink bursts (or both), e.g. based on the link budget of the UE.
Proposal 2. For UE with good link budget, the short UL burst can also carry uplink data.
Proposal 3. Network can configure the periodicity of the short uplink burst based on the overall delay requirement of services within the network. It is desirable to configure the short uplink burst at common places between close-by cells to protect from mixed interference.
Proposal 4. For link budget limited UE’s, network can configure part or all of the uplink control/data/SRS to be transmitted using the long uplink durations.
Proposal 5. A unified short uplink and long uplink burst channelization can be applied to FDD deployment.
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