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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In TR 38.889 [1], it was agreed that some potential frame structure and physical layer channel designs listed below should be specified. 
	-	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.
-	In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.
-    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. The options are not mutually exclusive.
-	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



In RAN1 AH1901 meeting, the following had been agreed [2]:
	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



In this contribution, we provide our views on DL transmission burst detection, dynamic PDCCH monitoring, COT structure indication and PDSCH transmission in partial slot for NR-U operation.

Discussion
DL transmission burst detection
In last meeting it was agreed to use PDCCH DMRS as initial signal for DL burst detection [2]. However, other existing NR signal(s) with potential enhancement(s) and the 802.11a/802.11ax preamble with potential enhancement(s) are not precluded. In this section, we discuss these two approaches.
Since the PDCCH DMRS is always present in PDCCH transmission, using PDCCH DMRS detection to trigger PDCCH blind detection does not increase DL transmission overhead and standardization effort.  On the contrast, if other NR signals such as CSI-RS or PSS/SSS are used as ‘initial signal’ to identify DL transmission burst detection, then these additional signals need to be transmitted at the beginning of the COT, which increases the DL transmission overhead.
The 802.11a/802.11ax preamble is another approach for DL transmission burst detection. An illustration of 802.11a/802.11ax preamble structure is shown in Figure 1. From the figure, it is observed that 802.11a/802.11ax preamble consists of legacy short training field (L-STF), legacy long training field (L-LTF) and legacy SIGNAL (L-SIG) field [3]. It is claimed that the UE may be able to defer from PDCCH monitoring and/or sensing the medium during the transmission duration indicated by the SIGNAL field of the 802.11a/802.11ax preamble [4]. However, decoding the L-SIG field will lead to increase the detection complexity. Moreover, introducing new technology from other RAT into NR system will lead to high implementation complexity, because the features of 802.11a/802.11ax preamble such as numerology and sampling rate are very different from NR-U. It should be noted that even for power saving, the energy spent on channel decoding of the L-SIG field makes the energy saved from reducing PDCCH blind decoding marginal.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Therefore, the existing NR signal(s) with potential enhancement(s) such as CSI-RS, or PSS/SSS and 802.11a/802.11ax preamble should not be considered as the candidate signal for DL burst detection. 


Figure 1. Preamble structure of IEEE 802.11a/802.11ax technologies 
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK10]Proposal 1: The existing NR signal(s) with potential enhancement(s) such as CSI-RS, or PSS/SSS and 802.11a/802.11ax preamble should not be considered as the candidate signal for DL burst detection.
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Dynamic PDCCH monitoring
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]In order to start downlink transmission as soon as possible once the gNB obtains the channel, UE is required to monitor PDCCH more frequently at the beginning of the COT (e.g. the first partial slot). On the contrast, the PDCCH monitoring period should be increased (e.g. one slot) for the remaining of the COT to save power of the UE. Therefore, dynamic switching of PDCCH monitoring period should be supported in NR-U.
To support dynamic switching of PDCCH monitoring period, some enhancements should be considered. Two different PDCCH monitoring periods could be configured to UE, and the UE could implicitly switch the PDCCH monitoring period based on the detection of ‘initial signal’. In addition, the UE could implicitly switch the PDCCH monitoring period after deriving the information of the COT structure. 

Proposal 2: UE could implicitly switch the PDCCH monitoring based on the detection of ‘initial signal’ or deriving the information of the COT structure.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]COT structure indication
In RAN1 #94bis, it was agreed that in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial. Slot format contains DL, UL and flexible symbols. In DL symbols, UE can receive DL channel and signals in DL symbols. Otherwise, if there are UL symbols, it means COT sharing for UE when gNB access the channel. 
Current DCI format 2_0 in Rel-15 NR can indicate the detailed format for each slot inside a number of slots, where the number of slots is configured by RRC. However the length of the COT can be dynamically determined based on the channel access priority, buffer status, COT sharing with other devices, etc. Therefore, there might be some modifications on the interpretation of the DCI format 2_0. 
DCI format 2_0 can indicates a slot format for each slot in a number of slots for each BWP from a slot where the UE detects the DCI format 2_0. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. 
So there are three cases for the relation of DCI format 2_0 periodicity and length of COT:
· Case 1: Periodicity of DCI format 2_0 is shorter than COT length. Several PDCCHs with DCI format 2_0 can be used to indicate the structure of COT, and there is a chance that the length of indicated slot formats is longer than COT’s length.
· Case 2: Periodicity of DCI format 2_0 is equal to COT length
· Case 3: Periodicity of DCI format 2_0 is longer than COT length. It is necessary to indicate “out of COT” in this case. 
In our opinion, “flexible” symbol in a slot format can be reinterpreted into “out of COT” when it is at the end of the slot format which means there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0. But according to flexible symbols between DL and UL, or only at the end of one slot which at the middle in the periodicity of DCI format 2_0, it is still with the original meaning.
As shown in the following Figure 2, there are 3 detailed slot formats in DCI format 2_0. For the third slot, there are some flexible symbols and there isn’t any UL or DL symbol behind. In this case, the first of flexible symbols in the third slot can be interpreted as “out of COT”.

Fig.2 An example of COT structure and its DCI format 2_0 indication
Proposal 3: It is necessary to indicate “out of COT” by DCI format 2_0
Proposal 4: Flexible symbol can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0

PDSCH transmission in partial slot
In our understanding, flexible starting positions for PDSCH is already supported in Rel-15 NR by means of type-B resource mapping, where type-B is for non-slot based transmission. For type-B, we have lengths of 2, 4, 7 symbols for PDSCH and flexible starting position. Therefore, option 1 is the baseline and it could be applied with no modification in NR-U. However, in order to make full use of resources, gNB is required to prepare multiple PDSCHs because there may be not enough time for gNB to regenerate PDSCHs after LBT succeeds. Compared to option 1, option 2 would provide more channel access opportunities, but it will introduce specification impacts in DMRS positions and RE mapping rules. However, for option 2 gNB only need to prepare one PDSCH before transmission, so that the implementation complexity is less than option 1. Similarly, option 3 would also provide more channel access opportunities than option 1, but it needs to specify the type-B resource mapping with additional duration. For option 3, the implementation complexity of gNB is similar to option 1, because gNB is also required to prepare multiple PDSCHs before transmission for option 3. Option 4 would also provide more channel access opportunities than option 1, but it will have a big impact on UE implementation. Generally, the receiver algorithm is performed slot-by-slot so if PDSCH is transmitted across slot boundary, it has a great impact on the UE implementation.
Considering the trade-off between the specification impacts and implementation impacts from both gNB and UE sides, option 1 and option 2 is preferred in PDSCH transmission in the partial slot.
As mentioned above, for option 2, some specification impacts of DMRS positions and RE mapping rules would be introduced. Specifically, Type-A based PDSCH is always prepared at gNB regardless of the LBT result. When the channel access timing is delayed due to LBT, the Type-A based PDSCH is transmitted by puncturing, and the content of DCI is not updated. Hence the DMRS is always located in the front of the PDSCH. Regarding to the puncturing mechanism, puncturing ending part of PDSCH might be more straightforward.
Proposal 5: Option 2 should be supported in PDSCH transmission in the partial slot

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the DL transmission burst detection, COT structure indication and PDSCH transmission in partial slot for NR-U operation. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: The existing NR signal(s) with potential enhancement(s) such as CSI-RS, or PSS/SSS and 802.11a/802.11ax preamble should not be considered as the candidate signal for DL burst detection.
Proposal 2: UE could implicitly switch the PDCCH monitoring based on the detection of ‘initial signal’ or deriving the information of the COT structure.
Proposal 3: It is necessary to indicate “out of COT” by DCI format 2_0
Proposal 4: Flexible symbol can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0
Proposal 5: Option 2 should be supported in PDSCH transmission in the partial slot
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