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1. Introduction
The objectives of the NR-U WI [1] include specifying the following for DL signals and channels for NR-U:
· Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).
· For DL data channel, support of multiple PDSCH starting positions.
· 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.
· 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;
· Data multiplexing aspects (for both UL and DL) considering LBT and channel access priorities. (RAN1/RAN2)
The agreements and conclusions from the SI phase are captured in [2]. In RAN#84 the following guidance was provided on prioritization of work items for DL channels and signals for NR-U:
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB
In this contribution, we present our views on some of the remaining aspects of DL signals and channels.
Previous Agreements
RAN1#94bis – 7.2.2.2 Frame structure for NR-U operation
Agreements:
· It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
· 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.
RAN1#95 - 7.2.2.3.1 DL Signals and Channels
Agreements:
· 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.
· Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
AH#1901 - 7.2.2.1.2 DL Signals and Channels
Agreements:
· 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
RAN#96bis - 7.2.2.1.2 DL Signals and Channels
Agreement:
· Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.
RAN#97 - 7.2.2.1.2 DL Signals and Channels
Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15
3. DL burst detection for power saving
The previous agreements mentioned above, support PDCCH DMRS based downlink burst detection by a UE. A UE looking for the start of a downlink transmission, may first try to detect a PDCCH DMRS from the serving base station and then attempt PDCCH decoding after successfully detecting the presence of a downlink burst. This was mainly from the perspective of UE power saving. However, it was noted in [3] that a performance relaxation of PDCCH decoding is not needed, hence the detection has to be robust. The misdetection probability should be comparable to the PDCCH probability of error. There is also a robustness issue where if a UE misses detection of these initial signals at the start, then it will miss the full gNB COT.
Any signal used for the purpose of detecting a transmission burst should have the following properties:
· UE should be able to detect at very low geometries with high reliability
· It should be possible to send this signal inside of a COT in case the UE missed detecting it at start of COT
· Less false alarms in a congested environment
A wideband (WB) DMRS, which is transmitted with PDCCH and spans a full 20MHz sub-band, has the listed desirable properties. Figure 1 below shows the misdetection probability for a wideband DMRS. The detection threshold is set for a 1% false alarm probability with thermal noise. It can be seen that the wideband DMRS can be detected with good reliability even at low SNRs. The misdetection probability increases if we reduce the bandwidth of DMRS signal, due to lower channel estimate SNR, as the power transmitted in each tone is limited by PSD regulation. A wide-band DMRS also helps because of frequency diversity.
The detector assumes knowledge of symbol boundary and the transmitted reference DMRS sequence in frequency domain. The detector first estimates the frequency domain channel on the DMRS tones (3 REs per RB) using the regular OFDM channel estimation method. The time domain channel estimate is then obtained by a simple IFFT of only the DMRS tones. The detector then estimates a signal to noise ratio from the time domain taps, assuming a maximum delay spread that is less than the cyclic prefix duration. This SNR is then compared with a detection threshold. The threshold is set using a given false alarm probability with only thermal noise input.
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[bookmark: _Ref16631556]Figure 1: WB DMRS Misdetection Probability

Table 1: Simulation Assumptions
	Parameter
	Value

	SCS
	30 kHz

	Number of RBs
	50

	Number of DMRS REs per RB
	3

	Number of symbols used for detection
	1

	False alarm probability
	1%

	Number of Rx antennas
	2

	Precoder cycling
	No

	TDL Channel RMS delay spread
	100ns



In NR Rel15, PDCCH DMRS can be configured in all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH. A UE may be configured with a wideband CORESET and higher-layer parameter precoderGranularity set to allContiguousRBs. In this way, a wideband DMRS can be configured in NR. In this case, to save power before the start of a downlink burst, the UE may first try to detect the wideband DMRS, and then use it to trigger PDCCH decoding.
The wideband DMRS can be configured for either a common or UE specific PDCCH. However, it is preferable to configure wideband DMRS for at least a common PDCCH. The UE power save based on WB-DMRS detection can either be enabled by the UE autonomously without gNB knowledge (spec transparent mode), or in consensus with gNB (spec non-transparent mode). In the spec transparent mode, the UE uses WB-DMRS detection for power save only for PDCCH coresets which have WB-DMRS configured, for other coresets it performs regular PDCCH decoding. The gNB is thus oblivious to the UE power save operation. In spec non-transparent mode, gNB is aware that the UE is waiting on WB-DMRS before starting PDCCH detection, and hence will not transmit any PDCCH/GC-PDCCH to the UE before transmitting WB-DMRS. It is also beneficial to introduce a UE capability in this mode. The spec non-transparent mode is preferable as the UE behaviour and power saving is more deterministic.
[bookmark: p1]Proposal : Wideband DMRS can be used to enable UE power saving in one of the following modes:
· Spec transparent mode: UE saves power only when monitoring PDCCH in coresets where WB-DMRS is configured. For other coresets UE performs regular PDCCH monitoring.
i. In this mode, gNB is oblivious to the UE power save behaviour.
ii. FFS: If any additional functionality/specification changes are needed for this mode.
· Spec non-transparent mode (preferable): UE monitors all PDCCH coresets only after it detects WB-DMRS
i. FFS if configuration is explicit (for example, through RRC) or implicit (for example one of the coresets monitored by the UE (PDCCH/GC-PDCCH) is configured with WB-DMRS)
ii. FFS if a UE capability indication is required
iii. Note: In this mode the gNB is aware of UE power save behaviour, so it does not transmit a grant to the UE before transmitting WB-DMRS

In power save mode, a UE tries to detect wideband DMRS configured for at least one of a common or UE specific PDCCH. The UE shall assume COT start on detection of wideband DMRS and switch from power save mode to monitoring PDCCH as configured. Using GC-PDCCH detection to trigger other PDCCH decoding, will cause significant delay in the receiver processing, and is also very restrictive, hence we don’t support this. This way, an actual GC-PDCCH transmission is not required to signal COT-start to the UE. After detecting wideband DMRS, the UE shall monitor all configured PDCCH CORESET’s for a configured duration of time till it detects a valid PDCCH/GC-PDCCH (Figure 2). In case the UE doesn’t detect a valid PDCCH/GC-PDCCH for the configured duration of time, it goes back into power save mode trying to detect wideband DMRS. If it detects a valid PDCCH, it continues to monitor PDCCH as configured till the end of COT (obtained through a COT-SI if detected) or a timer expiry after which it again switches into the power save mode.


[bookmark: _Ref16631597]Figure 2: UE power save mode (spec non-transparent) operation

[bookmark: p2]Proposal : When the UE power save based on spec non-transparent mode is enabled:
· UE is not required to monitor PDCCH sent in a COT (i.e. it remains in a power save mode) if it has not yet detected wideband DMRS in the COT.
· UE shall monitor PDCCH as configured for a duration of time, after detecting the wideband DMRS in a configured CORESET.
· FFS: If this is based on only detecting the WB-DMRS even if a valid PDCCH/GC-PDCCH is not found or also on detecting of PDCCH/GC-PDCCH
[bookmark: p3]Proposal : A UE that is monitoring control channels, e.g. inside a COT, can switch back to power save mode and start looking for wideband DMRS under the following conditions:
· UE did not receive a valid PDCCH or GC-PDCCH for a configured duration of time
· UE received COT-SI in a GC-PDCCH, and the COT end signalled by the COT-SI is reached.
There were some proposals to support WB-DMRS with precoder cycling. However, with precoder cycling, a simple FFT based receiver for DMRS detection may not be feasible. Also, the performance shown above seems sufficient to meet the performance requirements expected of the initial signal. We hence propose that UE can assume that the WB-DMRS uses the same precoder.
[bookmark: p4]Proposal : UE may assume the same precoder is used for WB-DMRS across frequency within a subband and/or a CORESET cluster

1. Dynamic PDCCH monitoring switching
The RAN1#95 agreement includes the following with respect to dynamic PDCCH monitoring periodicity:
· Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
To reduce the LBT related overhead, it is desirable for gNB to have a flexible COT starting point (such as every one or two symbols). However, this would mean the UE has to monitor for the DL burst start continuously. Any design that provides flexible COT starting time in a slot should consider the following:
· UE PDCCH monitoring complexity and power consumption
· Less PDCCH overhead 
· Robust detection of the DL transmission
· Ability for UE that missed detecting the start of transmission to detect the COT at a later time
There are proposals to have gNB schedule data with mini-slot granularity in the beginning of the COT to allow flexible COT start, and then switch to slot level granularity to reduce UE monitoring complexity and PDCCH overhead. The current NR PDSCH transmission type B with 2/4/7 symbol duration supports this. In NR the mini-slot level PDCCH monitoring is not mandatory and is based on UE capability. This flexibility can be retained without any impact to the specification.
[bookmark: p5]Proposal : The current NR PDSCH transmission type B scheduling with 2/4/7 symbol duration (mini-slot based scheduling) can be reused for NR-U, to allow flexible gNB COT starting points.
[bookmark: p6]Proposal : No enhancement of UE PDCCH monitoring capability over NR Rel-15 is introduced for NR-U.
Based on UE capability the UE can be configured to monitor the PDCCH at mini-slot granularity before COT start and for some time after COT start. After the first or second slot boundary, the gNB can switch the scheduling to slot level, as shown in Figure 3, to reduce UE PDCCH monitoring complexity and PDCCH overhead.  The UE can be provided with two configurations to monitor PDCCH/GC-PDCCH. The first is applied before COT start where at least one of PDCCH or GC-PDCCH is at mini-slot level monitoring. The second configuration can have all common and UE specific PDCCH with slot-level or multiple of slot level monitoring periodicity to save power. The UE can switch monitoring between the candidate configurations before and after COT start, based on one of the following triggers:
· Implicitly based on detection of a DL transmission and the next slot boundary.
· Explicit indication to switch in a common or UE specific PDCCH.
· Implicitly based on past traffic pattern. For example, the UE can monitor the mini-slot level PDCCH candidate only if it was scheduled in the past within a specified time window.
· In NSA case, the licensed carrier may explicitly trigger one of the two PDCCH configurations for UE monitoring. This way the gNB may selectively choose only UEs which have traffic to switch to mini-slot level monitoring.


[bookmark: _Ref16631641]Figure 3: Dynamic PDCCH monitoring
[bookmark: p7]Proposal : A UE can be provided with two configurations to monitor PDCCH. The following triggers are used for switching between the monitoring configurations. 
· The UE switches from the first configuration to the second configuration, after detecting a common or UE specific PDCCH
· FFS if explicit (e.g. bits in DCI) or implicit switch (e.g. just detecting PDCCH)
· FFS delay after which the switch is applicable (e.g. next slot boundary after a minimum required processing time)
· The UE switches from second to first configuration after the end of COT determined based on one of the following:
· COT structure indication (COT-SI) received in a common PDCCH.
· FFS: Minimum time needed between the COT-SI and the switch, determined by the COT-SI processing time.
· Timer expiry if COT-SI is not received.
[bookmark: p8]Proposal : In NSA mode of operation, gNB can explicitly indicate/trigger PDCCH monitoring switch for the unlicensed carrier, using the licensed carrier.
To help UEs that have not had data for a long time save power, it may be beneficial to let them monitor PDCCH at low granularity (e.g. slot level instead of mini-slot) outside of the COT too even though when it has data we want it to monitor at the finer granularity. Hence, we make the following proposal.
[bookmark: p9]Proposal : A UE can switch from a first monitoring configuration (e.g., mini-slot level) to a second monitoring configuration (e.g., slot/multi-slot level) for power saving, if it is not scheduled for a specific duration of time
[bookmark: _Hlk534921683]In case the UE missed detection of the initial mini-slot level PDCCH, there should be a way to recover after the slot boundary where slot level PDCCH starts. One way to achieve this is the following (Figure 4). There is one set of decoding candidates (set A for example), that is common between before and after the COT start. This is in a CORESET which is at the start of a slot (slot level granularity). There is another set of decoding candidates (set B), that is different for the monitoring occasions before and after the COT start. Set B for monitoring occasions before the COT start (say B2) and after the COT start (say B1) may be of different size. The set B1 is hashed in coreset(s) at the start of a slot (slot level granularity), and the set B2 is hashed in mini-slot coreset(s). The coreset(s) for A and B1 can be the same. A UE monitors for PDCCH candidates (set A, set B2) before the COT start and (set A, set B1) after the COT start. The total search candidates before and after the COT start is within the UE blind decode capability.
[bookmark: _Hlk534921776]Note: The trigger for UE to switch the PDCCH monitoring pattern (example: A, B2 vs A, B1) may be an explicit (for example, a bit field in DCI) or implicit (for example, successfully decoding PDCCH from set B2) indication as discussed below.


[bookmark: _Ref534920975]Figure 4: Nested PDCCH structure
[bookmark: p10]Proposal : In case the PDCCH monitoring configuration is changed dynamically and switching trigger is not reliable enough, NR-U should support a mechanism to provide robustness for UE if it misses the switching trigger.
Note that the WB-DMRS based DL burst detection in the previous section is just a UE power save feature, which when enabled can help save power by detecting WB-DMRS first before performing PDCCH BD and it is not to be mixed with the dynamic PDCCH monitoring occasions that can be configured for the benefits discussed above. Specifically, the benefits of changes in PDCCH monitoring occasion are also applicable when none of the PDCCH are configured with WB-DMRS and UE just monitors them with regular DMRS.
[bookmark: o1]Observation 1: The wideband DMRS based DL burst detection discussed in the previous section is just a UE power save feature and is independent of the dynamic switching of PDCCH monitoring occasions that can be configured before and after the start of downlink transmission.
PDSCH transmission
The following was agreed in RAN97 ([8]):
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15
Additional durations (other than already supported in Rel-15) for PDSCH monitoring type B are optional (not mandatory) from the perspective of this agenda item since the incremental gains do not justify this. 
[bookmark: p11]Proposal : All PDSCH mapping type B durations other than those already supported in Rel-15 are optional UE capability. None of them are made mandatory. 
For the additional durations are supported for type-B PDSCH, the DMRS locations defined in release-15 for type B PUSCH DMRS can be reused as much as possible to reduce the standardization efforts. However, some changes are needed due to the following reasons:
· The type-B PDSCH may include overlapping coreset symbols not present in PUSCH.
· It will be preferable to reuse DMRS patterns that are similar in structure to the type A pattern/type B DL patterns already supported by UE to avoid increasing UE implementation costs.
· For 12/13 symbol case, the PUSCH type B pattern has a gap of 9 symbols between two DMRS which is currently not supported in DL
Based on the above reasoning, we propose that the PUSCH DMRS locations is reused based on the number of non-coreset symbols in the type B PDSCH. For example, a type B PDSCH with 8 symbols including 1 coreset symbol, can reuse the PUSCH DMRS pattern for 7 symbols. The reuse can be done for up to 11 non-coreset symbols. The gap between DMRS is longer than 8 for the 12 and 13 symbol PUSCH cases. An exception is also to be made when the number of non-coreset symbols is 5 and we have two DMRS configured, by dropping the last DMRS to match it with the type B DMRS pattern for PDSCH. In other words, only one front loaded single symbol DMRS is supported for up to 5 non-coreset symbols for type-B PDSCH allocation.



Figure 5: Type-B PDSCH with 5 non-coreset symbols
[bookmark: p12]Proposal : The DMRS pattern for type-B PDSCH for durations of up to 11 non-coreset symbols is obtained by shifting the NR release 15 type-B PUSCH DMRS pattern such that it starts from the first non-coreset symbol. 
· When number of non-coreset symbols = 5, in case of two DMRS symbols being configured, the last DMRS symbol is dropped
In case of PUSCH with 12 symbol allocation in NR, the gap between first and last DMRS symbols is 9 which exceeds the maximum gap supported by PDSCH type A (8 symbols). To simplify the receiver processing, we propose to modify the PUSCH pattern for this case, so it meets the following constraints:
· Maximum gap between any two DMRS symbols is 8
· Limit the maximum number of symbols to extrapolate the channel estimate in the end to 2.
· DMRS gap pattern is matched to some release-15 type-A PDSCH allocation
Based on the above constraints, the following modification applied on top of the PUSCH DMRS pattern for 12 symbols to obtain the PDSCH DMRS pattern for 12 non-coreset symbols:
· The time domain location of the last DMRS symbol or DMRS symbol pair, is shifted to the previous symbol (as shown in figure below).



Figure 6: DMRS pattern for type-B PDSCH with 12 non-coreset symbols
[bookmark: p13]Proposal : When 12 non-coreset symbols are present in a type-B PDSCH allocation, the DMRS are on:
· Single symbol DMRS
· 2 DMRS: {m, m+9}
· 3 DMRS: {m, m+5, m+9}
· 4 DMRS: {m, m+3, m+6, m+9}
· Double symbol DMRS: {m, m+1, m+8, m+9}
where m is the first non-coreset PDSCH symbol
Type-B PDSCH allocation with 4 single symbol DMRS (or 3 additional DMRS) is not supported when there are 3 coreset symbols (or the first DMRS is in the 4th symbol or pos3). This is taken from a similar restriction in NR release-15 when defining type-A DMRS patterns for 3 additional DMRS (38.211, section 7.4.1.1.2), which states that dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'.
[bookmark: p14]Proposal : Three coreset symbols are not supported for type B PDSCH with 4 single symbol DMRS
It is not beneficial to support type-B PDSCH for L=14 symbols or for L=13 non-coreset symbols (i.e. none of the 13 symbols in the allocation overlaps with a coreset), since PDSCH mapping type-A can be used to support these cases even in current NR.
[bookmark: p15]Proposal : Following durations for PDSCH mapping Type-B are not supported
· L=14 symbols
· L=13 non-coreset symbols
Following table provides a summary of DMRS positions proposed.
Table 2: DMRS positions l for type-B PDSCH



COT structure indication
The work item description includes the following with respect to COT structure indication (COT-SI):
· 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;
The RAN1#94bis and AH#1901 agreements includes the following with respect to COT structure indication:
· 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 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

SFI feature in Rel.15 NR is used to indicate the slot format to a UE. The UE is configured to monitor DCI 2_0 which contains the slot formats of symbols in a slot or a sequence of slots. Each symbol of a slot or a sequence of slots is indicated by the slot format as DL, UL, or flexible. In NR-U, additionally, it is beneficial for a UE to know if it is inside or outside of a gNB COT. The UE can use this information to determine the type of LBT to use for RRC configured transmissions like CG-UL, PRACH, periodic SRS, etc. Another use case is UE power saving based on detecting an initial signal, given in the earlier section. A UE can switch back into power save mode at the end of the COT. Thus, in addition to the slot format indication in NR (DCI format 2_0), the COT structure indicator (COT-SI) for NR-U, may contain information like remaining COT duration (or COT end), pause start and end for each pause duration in the COT. COT pause is considered outside of the gNB COT. The COT-SI must also include a sub-band usage information in case of wideband operation. This can be indicated by a bitmap in the COT-SI. When COT-SI is transmitted at the beginning of COT soon after LBT, gNB may not have sufficient time to prepare the COT-SI sub-band usage payload. The gNB can use an all zero bitmap for the first COT-SI at least to indicate an unknown sub-band usage.
[bookmark: p16]Proposal : NR SFI can be enhanced to support the functionality of LTE-LAA C-PDCCH and support sub-band based channel access. The proposed enhancements include at least the following
· Include a bitmap to indicate which sub-bands/carriers are acquired by the gNB
· All zero bitmap is used to indicate unknown sub-band usage
· Information on remaining COT duration
· Information on pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· FFS if full flexibility is provided or if this is quantized
· FFS: Number of pauses supported

Any design for indicating the remaining COT duration should consider the following:
· DCI overhead should be minimal.
· Indicate long durations (up to MCOT, e.g. 8 ms).
· This may be required when gNB schedules an all UL COT.
· Indicate short durations very precisely (e.g. few symbols)
· In multiple COT-SI indications within COT, the later indications towards end of COT will need this.
· Indication should be reasonably accurate and gNB should ensure the following:
· UE does not transmit outside of gNB COT with cat2 LBT.
· UE does not miss monitoring any PDCCH.
· UE does not process a non-existing DL signal (e.g. P-CSI-RS outside gNB COT)
Firstly, non-linear quantization is allowed for the remaining COT duration to allow both short and long durations with small DCI overhead. Sometimes when the gNB is not sure about the exact COT duration (e.g. it isn’t sure yet how long it wants to use the medium), it can indicate that the COT is longer than a duration X, and then indicate the exact COT duration before end of duration X. Hence, the design should include entries that indicate that the duration is at least X, but gNB is not sure beyond that. Following is an example table to map bits to remaining COT duration indication for 15Khz SCS. 
	Remaining COT duration indication (6 bits) M
	Remaining COT duration value (including this symbol)

	0:27
	1:28 symbols

	28:47
	30:2:68 symbols

	48:54
	5:0.5:8 slots

	55-63
	> N slots, N=M-54



The example is for a SCS=15kHz case and it can indicate up to 8 ms COT duration. The step size is non-uniform so it can indicate smaller COT durations also (e.g. when COT-SI is transmitted towards the end of COT). There are also some entries indicating that the COT is greater than a duration X. This can be used when gNB is unsure of the exact duration.


Figure 7: Example of remaining COT duration indication
[bookmark: p17]Proposal : Index to an entry of a look up table (LUT) is used to indicate the remaining COT duration.
· The LUT contains entries to indicate up to the MCOT duration (e.g. 8ms).
· The LUT may include entries to indicate that the duration is greater than a value.
· The LUT supports non-uniform step sizes.
· FFS: LUT is spec defined or RRC configured.
Even after receiving the COT-SI, when the sub-band usage is unknown to the UE (all zero bitmap for sub-band usage), the UE behavior must be defined for transmission and reception. Firstly, the UE continues to monitor PDCCH in all sub-bands till a valid sub-band usage indication is received. For dynamically scheduled transmissions, the UE follows LBT type in the grant, and for configured transmissions, the UE performs cat4 LBT. For RRC configured DL signals like periodic CSI-RS, the UE assumes that these are cancelled.
[bookmark: p18]Proposal : In case a UE detects gNB COT but the sub-band usage is unknown, the UE behavior is determined as follows:
· Continue PDCCH monitoring in all sub-bands
· For dynamic UL grants in the same COT, use LBT type mentioned in the grant 
· For RRC configured uplink transmissions/grant from another COT, no change from cat-4 LBT to cat-2 LBT is allowed on subbands where UE is not sure gNB has acquired COT
NR-U will likely follow NR to have RRC configured PRACH opportunities. However, due to unlicensed nature of the channel, it is not desirable to configure high density PRACH transmission opportunities to avoid too much medium reservation. The RRC configured PRACH transmissions are also subject to Cat-4 LBT, so a UE may not be able to take advantage of the RRC configured PRACH transmission opportunities. Additional PRACH transmission occasions can be dynamically triggered by a DCI, and a UE can perform a Cat-2 LBT for the transmission within gNB acquired COT which increases the probability of a successful PRACH transmission. It would thus be beneficial for idle mode UEs to also decode the COT information. Hence, we make the following proposal.
[bookmark: p19]Proposal : NR-U shall support configuring the COT-SI (or SFI) monitoring in the RMSI.
As discussed in the previous paragraph, the SFI or COT-SI can be used to dynamically trigger the additional PRACH occasions. Additional information regarding the time and frequency domain resources of the triggered PRACH can be included in the SFI. It is also useful to include the channel access priority class (CAPC) of the current COT since configured grant uplink (CG-UL) transmissions will need this information for deciding whether it can transmit using cat2 LBT. The UE can transmit using cat2 LBT only if the traffic is higher in priority than indicated by the CAPC.
[bookmark: p20]Proposal : NR SFI can be enhanced to support the following additional functionalities
· Information on additional dynamically triggered RACH resources.
· E.g. Resource location (may be relative), enable disable flag, LBT type
· CAPC of the current COT.
UE COT detection for FBE
In FBE mode a UE can just monitor for a PDCCH/GC-PDCCH for a configured duration at the start of every fixed frame period (FFP). In case it detects a PDCCH/GC-PDCCH, it assumes that the serving gNB has acquired the FFP. In case it does not detect a PDCCH/GC-PDCCH within the configured duration, it can stop monitoring PDCCH till end of the FBE frame duration. Sometimes before detecting any PDCCH, the UE may detect a valid PDSCH which was scheduled by a DL grant in a previous FFP or a DL SPS transmission. In this case also the UE can assume that the current FFP is in the serving gNB COT.
[bookmark: p21]Proposal : UE only transmits on an UL resource if it detects at least one of 
· a valid PDCCH N2 symbols before the UL start location in the same FFP
· a valid PDSCH N1 symbols before the UL start location in the same FFP
A UE in idle mode performing initial access (PRACH transmission) is also required to transmit only in FFP acquired by serving gNB. The UE is required to know the FFP structure (e.g. the FFP duration, FFP boundaries). Hence, the RMSI has to include information related to gNB operating in FBE mode and the FFP structure.
[bookmark: p22]Proposal : gNB indicates the operating mode as FBE and the fixed frame period (FFP) structure to the UE through RMSI
To enable COT detection like described above for an idle mode UE to be able to transmit PRACH, RMSI can configure GC-PDCCH monitoring. The UE can additionally use SSB or RMSI PDCCH detection to determine if inside gNB COT.
[bookmark: p23]Proposal : In FBE mode, RMSI configures any PDCCH/GC-PDCCH monitoring to enable COT detection for a UE in idle mode. The UE may additionally use detection of any configured PDCCH to detect gNB COT.
gNB control for switching from cat4 to cat2 LBT type.
The default LBT type for any transmission in LBE mode is cat4. However, when inside a gNB acquired COT, in both frequency and time, and the traffic priority class is higher than that used by the gNB to acquire the COT, the UE can switch the LBT type from cat4 to cat2. The following information in the enhanced SFI or COT-SI is used by the UE to determine whether the switch is allowed:
· Remaining COT duration
· Sub-band usage indication
· LBT priority class of this COT
· Pause indication inside the COT
· SFI information 
A pause inside the gNB COT is considered to be out of COT and a UE can only use cat4 LBT for any transmission. Location of the pause inside the COT can be explicitly indicated in the COT-SI. The gNB can also explicitly indicate LBT types for configured transmissions like CG-UL or RACH.
[bookmark: p24]Proposal : UE determines if UL resource is inside or outside gNB COT based on the following information.
· Remaining COT duration
· Sub-band usage indication
· CAPC of this COT
· Pause duration inside the COT
[bookmark: p25]Proposal : UE can switch LBT type for UL transmission from cat-4 to cat-2 if it determines that the UL resource in time and frequency is inside gNB COT.
· Note: It may also have to look at SFI to confirm that transmission is not cancelled as in NR.
It is useful to include some features in LAA like an explicit bit indication whether or not to allow configured grant uplink (CG-UL) transmissions in this COT.
[bookmark: p26]Proposal : Explicit indication whether to allow configured grant uplink transmissions in the gNB CO is included in COT-SI
CSI-RS
In NR, CSI-RS transmission can be periodic, semi-persistent, and aperiodic. In NR-U, due to the LBT requirement for DL transmission, aperiodic CSI-RS fits the opportunistic transmission of a DL burst. On the other hand, NR periodic CSI-RS and semi-persistent CSI-RS cannot carry over to NR-U directly, considering the fact that the configured transmission opportunity may not be useable due to LBT failure. 
Simple changes to periodic and semi-persistent CSI-RS can be introduced to make it more LBT friendly. For example, if the periodic and semi-persistent CSI-RS are configured, they can be only transmitted when the configured transmission opportunity falls in the DL portion of a COT. On the UE side, if the processing of periodic and semi-persistent CSI-RS is conditioned on the detection of COT start, these CSI-RS types can still be supported in NR-U, as a scheduler choice. By conditioning on UE detecting the COT, UE implementation impact is minimized as it does not have to do a detection of presence/absence of CSI-RS.
[bookmark: p27]Proposal : Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. UE is expected to process periodic and semi-persistent CSI-RS only if it is able to confirm through COT-SI or other PDCCHs that the CSI-RS is inside a gNB COT and that the REs configured for the CSI-RS lie in valid sub-bands of the COT.
· FFS: Minimum time duration required between the COT-SI/other PDCCH and the CSI-RS resource for the UE to process the CSI-RS.
In NR, an aperiodic CSI-RS is triggered by a DCI. The offset from the trigger to the CSI-RS resource is RRC configured. In NRU, to avoid LBT related issues and simplify the CSI-RS reception at the UE, it is beneficial to transmit the DCI trigger and the aperiodic CSI-RS in the same COT.
[bookmark: p28]Proposal : Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.
In the event, that a UE detects CSI-RS (P/SP/AP), but is unable to transmit the CSI report due to LBT failure there must be a mechanism to retransmit the CSI report. The gNB can transmit a DCI to trigger the UE to retransmit the CSI report. This is like the aperiodic trigger, but without a new CSI-RS transmission. This requires the UE to save the CSI report for some configured duration of time after the CSI report transmission opportunity.
[bookmark: p29]Proposal : Aperiodic trigger to retransmit periodic/semi-persistent/aperiodic CSI report is supported in case the UE is unable to transmit CSI report due to LBT failure.
· FFS: A maximum time duration after the first CSI report transmit opportunity when the UE expects the trigger.
· UE does not expect a DL CSI-RS transmission after the trigger.
[bookmark: _Hlk16844715]ZP-CSI-RS resources are configured by the gNB for the UE to rate match PDSCH around these resources. The ZP-CSI-RS is used by the gNB to reserve resources for transmission of NZP-CSI-RS or for interference measurement. The gNB may dynamically decide whether to use these resources or not for a NZP-CSI-RS transmission based on which sub-bands are valid in the current COT, the REs configured for the CSI-RS and the COT-SI sub-band usage indication transmitted. However to enable a robust decoding of PDSCH, the UE always rate matches around the configured ZP-CSI-RS resources whether or not they are used for an actual CSI-RS transmission.
[bookmark: p30]Proposal : UE always rate matches PDSCH around configured ZP-CSI-RS resources.
Summary
In this section, we summarize the proposals for DL signals and channels for NR-U in SUB-7GHZ BAND.
Proposal 1: Wideband DMRS can be used to enable UE power saving in one of the following modes:
· Spec transparent mode: UE saves power only when monitoring PDCCH in coresets where WB-DMRS is configured. For other coresets UE performs regular PDCCH monitoring.
i. In this mode, gNB is oblivious to the UE power save behaviour.
ii. FFS: If any additional functionality/specification changes are needed for this mode.
· Spec non-transparent mode (preferable): UE monitors all PDCCH coresets only after it detects WB-DMRS
i. FFS if configuration is explicit (for example, through RRC) or implicit (for example one of the coresets monitored by the UE (PDCCH/GC-PDCCH) is configured with WB-DMRS)
ii. FFS if a UE capability indication is required
iii. Note: In this mode the gNB is aware of UE power save behaviour, so it does not transmit a grant to the UE before transmitting WB-DMRS
Proposal 2: When the UE power save based on spec non-transparent mode is enabled:
· UE is not required to monitor PDCCH sent in a COT (i.e. it remains in a power save mode) if it has not yet detected wideband DMRS in the COT.
· UE shall monitor PDCCH as configured for a duration of time, after detecting the wideband DMRS in a configured CORESET.
· FFS: If this is based on only detecting the WB-DMRS even if a valid PDCCH/GC-PDCCH is not found or also on detecting of PDCCH/GC-PDCCH
Proposal 3: A UE that is monitoring control channels, e.g. inside a COT, can switch back to power save mode and start looking for wideband DMRS under the following conditions:
· UE did not receive a valid PDCCH or GC-PDCCH for a configured duration of time
· UE received COT-SI in a GC-PDCCH, and the COT end signalled by the COT-SI is reached.
Proposal 4: UE may assume the same precoder is used for WB-DMRS across frequency within a subband and/or a CORESET cluster
Proposal 5: The current NR PDSCH transmission type B scheduling with 2/4/7 symbol duration (mini-slot based scheduling) can be reused for NR-U, to allow flexible gNB COT starting points.
Proposal 6: No enhancement of UE PDCCH monitoring capability over NR Rel-15 is introduced for NR-U.
Proposal 7: A UE can be provided with two configurations to monitor PDCCH. The following triggers are used for switching between the monitoring configurations. 
· The UE switches from the first configuration to the second configuration, after detecting a common or UE specific PDCCH
· FFS if explicit (e.g. bits in DCI) or implicit switch (e.g. just detecting PDCCH)
· FFS delay after which the switch is applicable (e.g. next slot boundary after a minimum required processing time)
· The UE switches from second to first configuration after the end of COT determined based on one of the following:
· COT structure indication (COT-SI) received in a common PDCCH.
· FFS: Minimum time needed between the COT-SI and the switch, determined by the COT-SI processing time.
· Timer expiry if COT-SI is not received.
Proposal 8: In NSA mode of operation, gNB can explicitly indicate/trigger PDCCH monitoring switch for the unlicensed carrier, using the licensed carrier.
Proposal 9: A UE can switch from a first monitoring configuration (e.g., mini-slot level) to a second monitoring configuration (e.g., slot/multi-slot level) for power saving, if it is not scheduled for a specific duration of time
Proposal 10: In case the PDCCH monitoring configuration is changed dynamically and switching trigger is not reliable enough, NR-U should support a mechanism to provide robustness for UE if it misses the switching trigger.
Proposal 11: All PDSCH mapping type B durations other than those already supported in Rel-15 are optional UE capability. None of them are made mandatory. 
Proposal 12: The DMRS pattern for type-B PDSCH for durations of up to 11 non-coreset symbols is obtained by shifting the NR release 15 type-B PUSCH DMRS pattern such that it starts from the first non-coreset symbol. 
· When number of non-coreset symbols = 5, in case of two DMRS symbols being configured, the last DMRS symbol is dropped
Proposal 13: When 12 non-coreset symbols are present in a type-B PDSCH allocation, the DMRS are on:
· Single symbol DMRS
· 2 DMRS: {m, m+9}
· 3 DMRS: {m, m+5, m+9}
· 4 DMRS: {m, m+3, m+6, m+9}
· Double symbol DMRS: {m, m+1, m+8, m+9}
where m is the first non-coreset PDSCH symbol
Proposal 14: Three coreset symbols are not supported for type B PDSCH with 4 single symbol DMRS
Proposal 15: Following durations for PDSCH mapping Type-B are not supported
· L=14 symbols
· L=13 non-coreset symbols
Proposal 16: NR SFI can be enhanced to support the functionality of LTE-LAA C-PDCCH and support sub-band based channel access. The proposed enhancements include at least the following
· Include a bitmap to indicate which sub-bands/carriers are acquired by the gNB
· All zero bitmap is used to indicate unknown sub-band usage
· Information on remaining COT duration
· Information on pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· FFS if full flexibility is provided or if this is quantized
· FFS: Number of pauses supported
Proposal 17: Index to an entry of a look up table (LUT) is used to indicate the remaining COT duration.
· The LUT contains entries to indicate up to the MCOT duration (e.g. 8ms).
· The LUT may include entries to indicate that the duration is greater than a value.
· The LUT supports non-uniform step sizes.
· FFS: LUT is spec defined or RRC configured.
Proposal 18: In case a UE detects gNB COT but the sub-band usage is unknown, the UE behavior is determined as follows:
· Continue PDCCH monitoring in all sub-bands
· For dynamic UL grants in the same COT, use LBT type mentioned in the grant 
· For RRC configured uplink transmissions/grant from another COT, no change from cat-4 LBT to cat-2 LBT is allowed on subbands where UE is not sure gNB has acquired COT
Proposal 19: NR-U shall support configuring the COT-SI (or SFI) monitoring in the RMSI.
Proposal 20: NR SFI can be enhanced to support the following additional functionalities
· Information on additional dynamically triggered RACH resources.
· E.g. Resource location (may be relative), enable disable flag, LBT type
· CAPC of the current COT.
Proposal 21: UE only transmits on an UL resource if it detects at least one of 
· a valid PDCCH N2 symbols before the UL start location in the same FFP
· a valid PDSCH N1 symbols before the UL start location in the same FFP
Proposal 22: gNB indicates the operating mode as FBE and the fixed frame period (FFP) structure to the UE through RMSI
Proposal 23: In FBE mode, RMSI configures any PDCCH/GC-PDCCH monitoring to enable COT detection for a UE in idle mode. The UE may additionally use detection of any configured PDCCH to detect gNB COT.
Proposal 24: UE determines if UL resource is inside or outside gNB COT based on the following information.
· Remaining COT duration
· Sub-band usage indication
· CAPC of this COT
· Pause duration inside the COT
Proposal 25: UE can switch LBT type for UL transmission from cat-4 to cat-2 if it determines that the UL resource in time and frequency is inside gNB COT.
· Note: It may also have to look at SFI to confirm that transmission is not cancelled as in NR.
Proposal 26: Explicit indication whether to allow configured grant uplink transmissions in the gNB CO is included in COT-SI
Proposal 27: Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. UE is expected to process periodic and semi-persistent CSI-RS only if it is able to confirm through COT-SI or other PDCCHs that the CSI-RS is inside a gNB COT and that the REs configured for the CSI-RS lie in valid sub-bands of the COT.
· FFS: Minimum time duration required between the COT-SI/other PDCCH and the CSI-RS resource for the UE to process the CSI-RS.
Proposal 28: Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.
Proposal 29: Aperiodic trigger to retransmit periodic/semi-persistent/aperiodic CSI report is supported in case the UE is unable to transmit CSI report due to LBT failure.
· FFS: A maximum time duration after the first CSI report transmit opportunity when the UE expects the trigger.
· UE does not expect a DL CSI-RS transmission after the trigger.
Proposal 30: UE always rate matches PDSCH around configured ZP-CSI-RS resources.


References
[1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm Incorporated, RAN#82, Sorrento, Italy, Dec. 10-13, 2018
[2] TR 38.889, “Study on NR-based Access to Unlicensed Spectrum”, RAN#82, Dec. 2018.
[3] R1-1901419, “Chairman's notes of AI 7.2.2 NR-based Access to Unlicensed Spectrum”, Ericsson, AH-1901, Taipei, Taiwan Jan. 21-25, 2019
[4] R1-1903629, “Chairman's notes of AI 7.2.2 NR-based Access to Unlicensed Spectrum”, Ericsson, RAN1#96, Athens, Greece, February 25th – March 1st, 2019
[5] R1-1903687, “Feature lead summary for NR-U DL Signals and Channels”, Motorola Mobility, Lenovo, RAN1#96, Athens, Greece, 25th February – 1st March 2019
[6] R1-1905801, “Chairman's notes of AI 7.2.2 Study on NR-based Access to Unlicensed Spectrum”, Ericsson, RAN1#96bis, Xi’an, China, 8th – 12th April 2019
[7] R1-1905710, “Feature lead summary for NR-U DL Signals and Channels”, Motorola Mobility, Lenovo, RAN1#96bis, Xi’an, China, 8th – 12th April 2019
[8] R1-1907846, “Chairman's notes of AI 7.2.2 Study on NR-based Access to Unlicensed Spectrum”, Ericsson, RAN1#97, Reno, USA, 13th – 17th, May 2019
[9] R1-1907705, “Feature lead summary for NR-U DL Signals and Channels”, Motorola Mobility, Lenovo, RAN1#97, Reno, USA, 13th– 17th May 2019




4



image1.png
10°

107!

102

Misdetection Probability

LB
L
AWGN





image2.emf
Slot 1 Slot 2 Slot 3 Slot 4 Slot 0

WB-DMRS 

detected

WB-DMRS 

only

PDCCH 

COT-SI (GC-

PDCCH) 

+WB-DMRS

WB-DMRS 

monitoring

(power save)

Monitor PDCCH/GC-PDCCH

WB-DMRS 

monitoring 

(power save)

PDCCH 

detected

COT-SI 

detected Remaining COT duration

DL Tx start

UE

Case A: WB-DMRS detected

WB-DMRS missed 

(hidden node i/f)

WB-DMRS monitoring (power save)     Monitor PDCCH/GC-PDCCH

WB-DMRS 

monitoring

(power save)

PDCCH 

missed

WB-DMRS &

COT-SI detected

Remaining COT duration

COT

UE

Case B: WB-DMRS missed

PDCCH 

detected

PDCCH 

detected

PDCCH 

detected

PDCCH 

missed


Microsoft_Visio_Drawing.vsdx
Slot 1
Slot 2
Slot 3
Slot 4
Slot 0
WB-DMRS detected
WB-DMRS only
PDCCH
COT-SI (GC-PDCCH) +WB-DMRS
WB-DMRS monitoring
(power save)
Monitor PDCCH/GC-PDCCH
WB-DMRS monitoring 
(power save)
PDCCH detected
COT-SI detected
Remaining COT duration
DL Tx start
UE
Case A: WB-DMRS detected
WB-DMRS missed (hidden node i/f)
WB-DMRS monitoring (power save)
Monitor PDCCH/GC-PDCCH
WB-DMRS monitoring
(power save)
PDCCH missed
WB-DMRS &
COT-SI detected
Remaining COT duration
COT
UE
Case B: WB-DMRS missed
PDCCH detected
PDCCH detected
PDCCH detected
PDCCH missed



image3.emf
Slot 0 Slot 1

Mini

-

slot 

0

Mini

-

slot 

1

Slot 2

TxOP


Microsoft_Visio_2003-2010_Drawing.vsd
Slot 0


Slot 1


Mini-slot 0


Mini-slot 1


Slot 2


TxOP



image4.emf
A

B2

Slot

A A A

B1

A

LBT passes here 

and TxOP starts


Microsoft_Visio_2003-2010_Drawing1.vsd
￼

Drag the side handles to change the width of the text block.


A


B2



image5.emf
DMRS 

symbol

Non-coreset 

data symbol


Microsoft_Visio_Drawing1.vsdx
DMRS symbol
Non-coreset data symbol



image6.emf
DMRS 

symbol

Non-coreset 

data symbol

12 non-coreset symbols: Arrows indicate changes 

made with respect to 12 symbol PUSCH


Microsoft_Visio_Drawing2.vsdx
DMRS symbol
Non-coreset data symbol
12 non-coreset symbols: Arrows indicate changes made with respect to 12 symbol PUSCH



image7.emf
Number of non-

coreset symbols

0 1 2 3 0 1

2 0 0 0 0 - -

3 0 0 0 0 - -

4 0 0 0 0 - -

5 0 0 0 0 0 0

6 0 0,4 0 0 0 0

7 0 0,4 0 0 0 0

8 0 0,6 0,3,6 0 0 0,5

9 0 0,6 0,3,6 0 0 0,5

10 0 0,8 0,4,8 0,3,6,9 0 0,7

11 0 0,8 0,4,8 0,3,6,9 0 0,7

12 0 0,9 0,5,9 0,3,6,9 0 0,8

dmrs-Additional-Postion 

Double symbol DMRS

DMRS time domain pattern for type-B PDSCH

(DMRS positions with respect to first non-coreset symbol)

Single symbol DMRS

dmrs-Additional-Postion (NDMRS-1)


Microsoft_Excel_Worksheet.xlsx
Sheet1

				Type A		0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13













																																																																DMRS								PDSCH Data												No PDSCH data

																																																														Type A

														(,1)								(,2)																																												0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																														(4,3,2)

														(,4)												(,3)																																				DMRS symbol differences: 5 and 4. Number of symbols to extrapolate 2

																																																														(5,4,2)

														(,2)												(,1)

																																																														(6,0)

																																																														Type B

														(4,1)																																																				(,3)										(4,2)



														(,4)

																																																																		(,2) 2 syms to extrapolate										(,0)		No syms to extrapolate										(,1) 1sym to extrapolate

														(,3)



														(,2)																																																				(,4) 4 symbols to extrapolate														(,3) 3 symbols to extrapolate



														(6,1) This is like type A 8 pdsch symbols



														Option 1: (4,2) - This is like type B 7 symbols and no coreset																																																		9 symbol case: Additional DMRS pattern gaps like type A



														Option 2: (5,1) - This is like type A 7 pdsch symbols (prefer)



														(4,1): This pattern common to type A and B



														(,4)





																																																										10 symbol case (Addnl DMRS patterns like type A)







								0		1		2		3		4		5		6		7		8		9		10		11		12

								Shift 1 symbol to right





																																																												11 symbols













																																																																12 symbols















																																																				0		1		2		3		4		5		6		7		8		9		10		11		12				0		1		2		3		4		5		6		7		8		9		10		11		12

																																																				Shift front loaded DMRS to right																												Shift front loaded DMRS to right

																																														Proposal











																																																																																Shift front loaded DMRS to right







																		10 symbol case (2 DMRS configured or additional DMRS = 1)																														Example: L=9 symbols, 2 DMRS (or 1 additional DMRS) configured



																																																With 1 coreset symbol, shift right the DMRS positions by 1 symbol



																																																With 2 coreset symbols, shift right the DMRS positions 2 symbols



																																																With 3 coreset symbols, shift right the DMRS positions by 3 symbols

																																																Since the last DMRS is beyond 9 symbols it is dropped







Sheet2

												DMRS time domain pattern for type-B PDSCH
(DMRS positions with respect to first non-coreset symbol)

										Number of non-coreset symbols		Single symbol DMRS								Double symbol DMRS

												dmrs-Additional-Postion (NDMRS-1)								dmrs-Additional-Postion (NDMRS-1)

												0		1		2		3		0		1



										2		0		0		0		0		-		-

										3		0		0		0		0		-		-

										4		0		0		0		0		-		-

										5		0		0		0		0		0		0

										6		0		0,4		0		0		0		0

										7		0		0,4		0		0		0		0

										8		0		0,6		0,3,6		0		0		0,5

										9		0		0,6		0,3,6		0		0		0,5

										10		0		0,8		0,4,8		0,3,6,9		0		0,7

										11		0		0,8		0,4,8		0,3,6,9		0		0,7

										12		0		0,9		0,5,9		0,3,6,9		0		0,8






image8.emf
DL DL UL DL UL DL DL DL

14 

symbols(1ms)

SCS = 15KHz

COT duration = 8ms (112 symbols)

COT-SI

Remaining COT 

duration field = 54 (8 

slots)

COT-SI

Remaining COT 

duration field = 48

(5 slots)

COT-SI

Remaining COT 

duration field = 27

(2 slots)


Microsoft_Visio_Drawing3.vsdx
DL
DL
UL
DL
UL
DL
DL
DL
14 symbols(1ms)
SCS = 15KHz
COT duration = 8ms (112 symbols)
COT-SI
Remaining COT duration field = 54 (8 slots)
COT-SI
Remaining COT duration field = 48
(5 slots)
COT-SI
Remaining COT duration field = 27
(2 slots)



