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1	Introduction
The NR-U WID had been approved in RAN #82 meeting. Several controversial topics such as flexible PDSCH design and COT burst detection had been listed as WID objectives to DL channels and signals design. Some solution on supporting flexible PDSCH starting point are based on COT burst detection, therefore, both objective should be discussed together. In this contribution, we provide our view according to the options addressed in the WID and the evaluation results in the TR. Some potential solutions of PDCCH enhancement and adopting existing NR signals are proposed, and the potential mechanisms by introducing 802.11 preamble are discussed. 
2	Discussion
2.1	gNB's transmission burst detection

The NR-U WID had been approved in RAN #82. Regard to the flexible PDSCH start position, the objectives include:
Objective 1.  For DL data channel, support of multiple PDSCH starting positions.
In addition, some options have been agreed in RAN #94b as possible candidates for further discussion
Agreement: (94b)
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.
By supporting multiple PDSCH starting positions, gNB can better utilize the time domain resource with LBE mechanism. Accordingly, UE has to increase the PDCCH monitoring occasion in order to receive signals from PDSCH. The increased PDCCH monitoring occasions lead to severe power consumptions concerns from companies. In this regard, a second objective in WID tend to introduce a UE feature of detecting gNB’s transmission burst in NR-U
Objective 2. Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
The topic had gone through intensive discussions, and the summary in TR is captured as:
“The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.”
There are three options listed in the summary:
Option 1. A channel such as PDCCH with potential enhancement(s)
Option 2. Existing NR signal(s) with potential enhancement(s)
Option 3. 802.11a/802.11ax preamble with potential enhancement(s)
In the following sections, we first discuss the potential solution for PDCCH enhancements, which include COT independent configuration solutions and COT-detection based configuration solutions. Next, some concerns of Option 2 method are addressed. Last, the potential gain by introducing 802.11 preamble are discussed. 
2.1.1	Option 1: PDCCH enhancement
COT independent configuration
To support multiple PDSCH starting position, gNB should increase PDCCH transmission density in time domain. Higher PDCCH transmission density results in finer granularity of PDSCH starting positions. As depicted in Figure 1 (a), two PDCCH occasions per subframe are configured. Comparing to one PDCCH occasion per subframe, the configuration in Figure 1 (a) provides an additional PDSCH transmission position per subframe.
Although additional PDCCH occasion creates more PDSCH starting position, PDCCH blind decoding also cause severe UE power consumption. UE monitoring PDCCH occasions in Figure 1 (a) consume double the power comparing to one PDCCH per subframe, therefore, we propose an alternative solution by grouping UE into multiple PDCCH configurations. As shown in Figure 1 (b) and (c), where configuration in (b) and (c) configure UE into two and three groups, respectively. Configuration among UE groups can have overlapped or non-overlapped PDCCH monitoring occasion. According to the number of PDCCH monitoring occasion, UE in Figure 1 (b) and (c) consume half power than UE in Figure 1 (a).
An advantage of this solution is that can be achieved in small SPEC impact with minor RRC change. However, the solution also has disadvantages. For example, UE group A, B in Figure 1 (b) and UE group A in (c) have some subframes without PDCCH occasion, which may lead to additional scheduling latency. On the other hand, the multiple PDSCH starting position only benefit to the initial subframe/slot in the beginning of the gNB initiated COT. Unbalanced PDCCH monitoring occasion in subframes other than the initial subframe/slot in COT may not be beneficial. From gNB perspective, since UEs are separated into each groups, the schedulable number of UE decreases, which also means the gNB may initiate at a subframe without schedulable UE. In this case, the benefit of introducing multiple PDSCH starting position should be further evaluated.
Observation 1. Rel. 15 NR PDCCH configuration can support multiple PDSCH starting position with minor change. Power consumption issue can be solve by UE grouping based configuration.
Proposal 1. NR-U should consider PDCCH configuration with UE grouping as a potential PDCCH enhancement.
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Figure 1. PDCCH enhancement with UE grouping.
COT-detection based configuration
As elaborated in the last paragraph, multiple PDSCH starting position only benefits to the initial subframe/slot in the COT. Single configuration to both inside and outside of the COT may cause gNB scheduling difficulty. In this tern, many contribution addressed that subframes other than the initial subframe can be configured with a different PDCCH monitoring pattern. Further, in order to support multiple PDSCH staring position, the density of PDCCH monitoring occasion outside of the COT and in the initial subframe should have higher density than in the rest of subframes in the COT.  Figure 2 (a) adopts the solution in Figure 1 (a) as outside COT and initial subframe configuration, rest of the subframes are configured with less PDCCH monitoring occasions per subframe. Figure 2 (b) and (c) shows that power saving method in Figure 1(b) and (c) can also be adopted with the COT-detection based PDCCH configuration.
Observation 2. PDCCH configuration with UE grouping method can also be adopted with the COT-detection based PDCCH configuration.
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Figure 2. PDCCH enhancement with COT-detection based configuration.
2.1.2	Option 2: Existing NR signals
Option 2 introduced existing NR preambles (PSS, SSS) and reference signal (CSI-RS, DMRS) in the beginning of the COT as a wake-up signal (WUS). UE identifies the boundary of the COT by detecting the WUS. After UE detected the COT boundary, UE start to blind decode the PDCCH configured in the initial subframe. This method helps UE not to decode PDCCH occasions outside the COT, which results in better UE power consumption than Option 1. 
Despite of the method can save more power than Option 1, if UE miss detecting the WUS in the beginning of the COT and if there is only one WUS transmitted, the UE will miss the whole COT. This may happen due to low SINR or DRX configuration. Many contributions has addressed that by transmitting multiple WUS in a COT, UE can reduce the risk of missing the whole COT. Solution in Figure 3 shows a potential configuration with multiple WUS transmitted in a COT. WUS 1 is transmitted after gNB success a LBT, which helps gNB transmitting PDSCH in multiple starting position. On the other side, WUS 2 is configured in advance, intending to provide more COT detection probability.
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Figure 3. Multiple wake-up signals within a COT.
Proposal 2. NR-U should support multiple wake-up signals in the gNB initiated COT. Introducing multiple types of WUS should not be precluded.
2.1.3	Option 3: 802.11 preamble
During the study phase, discussions on the use of 802.11 preamble or NR signal as the wake-up signal didn’t achieve consensus. According to the evaluation results captured in the TR, NR-U can achieve fairness without introducing 802.11 preamble. Some evaluation show that wifi and NR-U device achieve better performance without NR-U using 802.11 preamble. Base on the evaluation result, it is fair to say NR-U can achieve fairness coexistence with wifi device with or without 802.11 preamble. In this tern, the only issue remained is the power threshold of energy detection (ED) and preamble detection (PD) threshold. Since LAA only adopted ED, a threshold determined in the middle of wifi’s ED and PD threshold. If NR-U agreed to adopt wake-up signal as burst detection method, an adequate ED and PD threshold should be made based on evaluation results.
Observation 3.  According to the evaluation results in TR, NR-U can achieve fairness without introducing 802.11 preamble in general scenarios.
Proposal 3. If NR-U agreed to adopt any wake-up signal as burst detection solution, an adequate ED and PD threshold should be made based on evaluation results. 
Some company indicated that in some specific scenario, NR-U can be benefitted from listening and transmitting 802.11 preamble, for example, hidden node scenario that transmitter side cannot listen to the interference source and lead to serious interference in the receiver side. In 802.11, RTS/CTS mechanism is introduced to solve this problem. Due to scheduling based DL/UL transmission, it is not intuitive to apply RTS/CTS mechanism in LAA and NR-U. However, NR-U device can acquire some implementation flexibility by applying 802.11 preamble as shown in Figure 4. 
As depicted in Figure 4 (a) and (b), the NR-U gNB cannot listen to an “other device”, i.e. wifi device, but the NR-U UE can receive and transmit an 802.11 preamble. In a case in Figure 4 (a), a wifi device success a LBT and start to transmit in advance of gNB. The UE detects the 802.11 preamble and gets the wifi COT’s duration information. Next, gNB also success the LBT due to hidden node scenario. In this case, UE can justify the DL signal quality according to these information and decide to skip, flush out, puncture, or soft combine the DL signal by implementation. In another case in Figure 4 (b), gNB success a LBT in prior to wifi’s transmission. In this case, the UE knows there was a wifi interference source base on previous detected preamble, i.e. the case in Figure 4 (a). Then the UE punctures the scheduled DL signal and transmits an 802.11 preamble. As a result, the preamble defers a wifi transmission and controls the interference. Likewise, if gNB can receive and transmit 802.11 preamble, it can follow similar procedures.
Observation 4. In a hidden node scenario, NR-U transmitting 802.11 preamble benefits in reducing interference caused by wifi devices. However, it should be address that the preamble transmission may also cause interference to signals multiplexed in the same resource. On the other hand, the hidden node solution is not cleared among different NR-U operators.
Proposal 4. Regard to device implementation, the specification should not prevent device from transmitting 802.11 preambles.
Proposal 5. NR-U should further study hidden node solutions.
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Figure 4. Hidden node scenario. (a) UE detecting 802.11 preamble (b) UE transmitting 802.11 preamble
3	Conclusions
Observation 1. Rel. 15 NR PDCCH configuration can support multiple PDSCH starting position with minor change. Power consumption issue can be solve by UE grouping based configuration.
Proposal 1. NR-U should consider PDCCH configuration with UE grouping as a potential PDCCH enhancement.
Observation 2. PDCCH configuration with UE grouping method can also be adopted with the COT-detection based PDCCH configuration.
Proposal 2. NR-U should support multiple wake-up signals in the gNB initiated COT. Introducing multiple types of WUS should not be precluded.
Observation 3.  According to the evaluation results in TR, NR-U can achieve fairness without introducing 802.11 preamble in general scenarios.
Proposal 3. If NR-U agreed to adopt any wake-up signal as burst detection solution, an adequate ED and PD threshold should be made based on evaluation results. 
Observation 4. In a hidden node scenario, NR-U transmitting 802.11 preamble benefits in reducing interference caused by wifi devices. However, it should be address that the preamble transmission may also cause interference to signals multiplexed in the same resource. On the other hand, the hidden node solution is not cleared among different NR-U operators.
Proposal 4. Regard to device implementation, the specification should not prevent device from transmitting 802.11 preambles.
Proposal 5. NR-U should further study hidden node solutions.
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