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1	Introduction
Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving

It has been agreed in previous meeting that UE may assume the COT existence by detecting signals such as DMRS. When a UE is triggered by a signal to monitor PDCCH within a gNB initiated COT, it is beneficial to convey the time domain COT structure to the UE. But considering that the UE may miss detecting the signal due to bad channel condition or DRX, gNB should provide a mechanism to make the transmission reliable. In this contribution, we provide our view on dynamic PDCCH monitoring, COT structure indication, especially for multiple transmissions within the COT. 

2	Discussion
2.1	Dynamic PDCCH monitoring
As stated in the agreement, a UE can be aware of a COT existence by detecting a reference signal (or wake-up signal, WUS) transmitted by the gNB such as DMRS. In responds to the Tx burst detection, the UE may change the PDCCH monitoring pattern to support flexible PDSCH starting position or power saving. One thing should be addressed is that the UE may miss detecting the wake-up signal due to the DRX or the bad channel condition. Especially for a large COT, if the UE miss detecting of the wake-up signal at the beginning, the UE will miss the whole COT. In this scenario, either multiple wake-up signals should be transmitted in a COT or the gNB provides an extra burst detection method to the UE.
Observation 1: To deal with miss detection, gNB should provide multiple Tx burst detection chances in one or multiple ways.
Transmitting multiple wake-up signals within a large gNB initiated COT can increase transmission reliability. If gNB supports multiple wake-up signals within a COT, it is also possible that a UE is triggered to monitor PDCCH in the middle of the COT. In this regard, the COT structure should be conveyed with wake-up signals as well. Therefore, successfully receiving a COT structure can be another signal indicating the Tx burst transmission. In other words, UE can also be aware of a COT existence by successfully decoding a PDCCH or GC-PDCCH.
Proposal 1. COT structure indicators should be transmitted with wake-up signals.
Considering COT structure indicators are conveyed by DCI, there are two methods to achieve Proposal 1. First UE decode the COT structure indicator after successfully detected a wake-up signal. Second UE decode the COT structure indicator regardless of the wake-up signal detection. The second method has already been supported in NR, thus there is no spec impact, and it should be the fallback solution in Tx burst detection. On top of it, the first method can be adopted to support flexible PDSCH starting position. However, if gNB configures both the first and second method to UE, the monitoring of the second method can be less frequent. To support both Tx burst detection method simultaneously, PDCCH configuration should indicate the ability of being switch on/off by other signal (e.g. WUS, DCI, etc.). 
Proposal 2. PDCCH configuration should indicate the ability of being switched on/off by other signal (e.g. WUS, DCI, etc.).
Figure 1 depicts an example of such configuration. Three search space configurations are configured in this scenario. Search space configuration 1 denotes the monitoring pattern regardless the presence of the COT. Search space configuration 2 denotes the monitoring pattern when UE reaches the first slot boundary in the COT. Search space configuration 3 denotes the search space configuration of the initial partial slot in the COT. When the UE detects a Tx burst, search space configuration 2 and 3 can be triggered in different time, namely at the slot boundary or immediately.
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Figure 1. A dynamic PDCCH example


2.1.1	DL burst detection

The purpose of the wake-up signal is to help UE detecting DL burst, and the intention behind this is to reduce the power consumption introduced by mini-slot monitoring on supporting multiple PDSCH starting positions. With this feature, gNB can transmit data in the partial slot in the beginning of a gNB acquired COT.
Observation 2: Considering a 10ms length COT and the overhead which is going to add, the throughput gain may less than 5%.
According to the current agreement on the use of DMRS as a wake-up signal, we provide our simulation results. Considering 30kHz SCS, TDL-C 100ns channel model, and 20MHz bandwidth (50 PRBs), the miss detection and the false alarm probability are evaluated. Regarding the receiver, both non-coherent and coherent receiver are considered. Low complex LS channel estimation are applied in the coherent receiver under the assumption that the channel is a constant within a PRB.
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Figure 2. Miss detection (P_miss) and false alarm probability (P_fa) considering non-coherent and coherent (LS) receiver in SNR=5dB.
As depicted in the SNR=5dB scenario, the false alarm probability is high considering a 0.01 miss detection probability with coherent and non-coherent receivers. While the SNR is increased to 10dB, the miss detection probability with coherent receiver drops, however the false alarm probability is still high considering the 0.01 miss detection probability.
Observation 3: The current feature has a small coverage, it may not be practical to support it by UE implementation only.
Proposal 3. For DL burst detection, consider following actions:
· Option 1: Take it as a UE implementation feature and find an alternative to improve the coverage.
· Option 2: The feature should be configured/activated by the gNB according to signal strength measurement.     



2.2	Indication of time domain COT structure
[bookmark: _GoBack]
The time domain COT structure has been identified as an objective in WID as following 
“ DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure ”
Most companies mentioned that DCI 2_0 and GC-PDCCH can be adopted for the COT structure indication. However, the specific timing for gNB to convey the COT structure has not been discussed yet. For example, should a gNB transmit the COT structure in the beginning of the COT, or more precisely, in the beginning of the partial slot. The decision may affect the details of the COT structure and should be discussed first.
Proposal 3. Determine the timing of COT structure transmission.
Regarding details of the COT structure, DCI format 2_0 with enhancement can be adopted to indicate the transmission directions. The enhancement relates to whether the gNB transmits multiple COT structure indicators within a COT or not, and how frequent the gNB conveying this indication. For example, if a gNB transmits the COT structure only once at the beginning of the COT, the current SFI configuration with a COT length indication is sufficient. However, if the gNB transmits multiple COT structure indicators in a COT, there are two options:
· Option 1: Each COT structure indicator carries the same SFI combination index and the current slot index in the COT.
· Option 2: Each COT structure indicator carries individual SFI combination index, and each SFI combination covers partial of the COT. 
Comparing these options, Option 1 has lower RRC configuration complexity but with higher dynamic configuration complexity. In contrast, Option 2 has higher RRC configuration complexity but with simpler dynamic configuration. 
For multiple COT structure indicators within a gNB initiated COT, study these options:
· Option 1: Each COT structure indicator carries the same SFI combination index and the current slot index in the COT.
· Option 2: Each COT structure indicator carries individual SFI combination index, and each SFI combination covers partial indication of the COT. 
For either options, a COT ending indicator (e.g. slot index within the COT) or a COT length indicator to indicate the end of the COT may be necessary. If a gNB configures a UE to monitor multiple COT structure indicators within a COT, the configured monitoring duration has carried partial COT length information already. If we take the information as part of the COT length indication, the dynamic configuration complexity would be lower. The COT structure indication can comprise at least following information 
	Option-1
	1. SFI combination for whole COT
2. The total COT structure indication within the COT, i.e. N 	
3. The COT structure indication index, i.e. X = (0…N-1)
4. The monitoring duration of COT structure indication, i.e. Y.
5. The length of the last monitoring duration, i.e. Z.
Note: When a UE receives a COT structure indication, it can find the associated SFI index by calculate XY+1, and calculate the remaining COT length by (N-X-1)Y+Z, or (N-X)Y if Z is not conveyed.

	Option-2
	1. SFI combination for partial COT
2. The starting index of the SFI combination
3. The available length of the SFI combination



	
In Figure 2. We show an example of option-1. The total length of the COT is 8, and a gNB transmits COT structure indicators in the 1’st, 4’th, and 7’th slots. If a UE wakes up in the middle of the COT, and receives a first COT structure indicator in the 4’th slot. The UE calculates the current SFI index by XY+1, i.e. 1*3+1=4, which associates with the 4’th SFI in the SFI combination. If the length of the last monitoring duration is given as Z=2, the UE can calculate that the remaining COT length by (N-X-1)Y+Z, i.e. (3-1-1)3+2=5. However, the last monitoring duration is not necessary to be conveyed in every COT structure indicator.
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Figure 2. An example of Option-1 configuration.
In contrast, the Option-2 solution does not conveying the number of total indicator in the COT and the current SFI index within the SFI combination. As depicted in Figure 3, a gNB configures 2 SFI combinations to the UE with the available length of a SFI combination. The UE follows the latest received SFI combination and does not know the exactly COT ending position unless the available length is less than the configured COT structure indication duration. In addition, the starting index field can be provided for selecting a preferred starting SFI index from the configured SFI combination.
[image: ]
Figure 3. An example of Option-2 configuration.
3	Conclusions
Observation 1: To deal with miss detection, gNB should provide multiple Tx burst detection chances in one or multiple ways.
Proposal 1. COT structure indicators should be transmitted with wake-up signals.
Proposal 2. PDCCH configuration should indicate the ability of being switched on/off by other signal (e.g. WUS, DCI, etc.).
Observation 2: Considering a 10ms length COT and the overhead which is going to add, the throughput gain may less than 5%.
Observation 3: The current feature has a small coverage, it may not be practical to support it by UE implementation only.
Proposal 3. For DL burst detection, consider the following actions:
	Option 1: Take it as a UE implementation feature and find an alternative to improve the coverage.
Option 2: The feature is configured/activated by gNB according to the signal strength measurement.     
Proposal 4. Determine the timing of COT structure transmission.
4	Reference
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