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 Introduction
In the last RAN1 #100bis e-meeting, some issues of DL channels and signals were discussed. After that, a lot of agreements were reached and then corresponding CRs were approved. In DL e-mail thread #2 and #3, many remaining issues need to be further discussed at this meeting. In this contribution, we provide our views on these remaining issues for Rel-16 NR-U DL transmission.
 Discussion
2.1 	Available RB set indication
For the case that the gNB has just occupied an unlicensed carrier and a downlink transmission has just started, there is no enough time for the gNB to prepare current available RB-set information in the DCI format 2_0. In this case, the gNB can send the bitmap with all "1" indicating all RB-sets are available to the UE at the beginning of the COT, and re-transmit DCI format 2_0 with accurate available RB-set information at the next moment. 
One problem that some companies pointed out was that if the gNB indicates a COT duration, then incorrect LBT type switching can occur within that COT duration. It is preferable to turn off these UL transmissions especially in the beginning of the COT since most likely the gNB will schedule DL transmissions here. This can be done by providing SFI indicating DL or flexible for these initial symbols in the COT. In addition, the gNB can also set remaining COT indicated in DCI format 2_0 to the duration between the first DCI and the second updated DCI. In fact, the duration is very short, and UE will not switch to UL as all RB are available only in this short COT. The accurate information of  available RB set and COT duration will be updated later in the second DCI format 2_0. But we believe that above operation is an implementation behavior and transparent to UE, thus it has no specification impact.
Proposal 1: For the case that a gNB has just occupied an unlicensed carrier and a downlink transmission has just started, there is no enough time for the gNB to prepare current available RB-set information in the DCI format 2_0:
· The gNB can send the bitmap with all "1" representing all RB sets are available to the UE at the beginning of the COT, and re-transmit DCI format 2_0 with accurate available RB-set information at the next moment. 
· It is an implementation behavior and transparent to UE, thus it has no specification impact.
2.2 	PDSCH mapping on intra-cell guard band
For PDSCH mapping on Type 2 intra-cell guard band(s), in last e-meeting some companies suggested to use rate matching indicator in DCI format 1_1 or available RB set indicator in DCI format 2_0 to inform UE whether there is PDSCH mapping on the intra-cell guard band(s). 
However, the rate matching indication field in DCI format 1_1 contains at most 2 bits to indicate two groups of rate matching information according to higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2. If this mechanism is used for PDSCH mapping on intra-cell guard band(s) of NR-U, the following problems may exist: firstly, the maximum carrier bandwidth supported in NR-U is 80 MHz, which can be divided into 4 RB sets with 3 intra-cell guard bands. Therefore, at least 3 bits in DCI format 1-1 are needed to indicate three groups of rate matching information for 3 intra-cell guard bands respectively. The existing mechanism is obviously unable to do this. Secondly, Rel-15 cannot support the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH. Reusing rate matching mechanism conflicts with current specification description . In addition to impacts on standardization, it may also affect the performance of channel estimation relying on DM-RS.
Regarding to the latter scheme i.e. relying on available RB set indicator in DCI format 2_0, in general the reception of PDSCH cannot depend on DCI format 2_0 detection. Furthermore, available RB set indicator in DCI format 2_0 is optional and does not necessarily exist.
In fact, gNB implementation can handle avoiding the scheduling of PDSCH in the Type 2 intra-cell guard band. For instance, gNB can schedule available RBGs using Type 0 RA and/or schedule continuous resources in different RB sets to different UEs. To some extent, the above two methods i.e. relying on decoding of DCI format 1_1 or DCI format 2_0 are only optimization for PDSCH reception, but they may bring greater standardization impact.
Proposal 2: gNB implementation should handle PDSCH mapping on intra-cell guard band in scheduling.
2.3 	UE behaviour outside COT duration
If SFI is larger than COT duration, we don't think it is necessary to specify a new UE behaviour outside COT duration. There are several reasons as follows.
Firstly, the gNB can indicate a SFI with the same length as the COT duration, which is feasible in most cases, otherwise we cannot get remaining COT duration implicitly through SFI that was agreed before. Rel-15 NR indeed requires the number of slots contained in SFI is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. However, according to our previous discussion in WI phase, in general, most companies agreed that the monitoring periodicity of PDCCH/GC-PDCCH can be mini-slot level in non/initial occupation, and slot level in later occupation. Although the specification does not specify the above configuration and keep the flexibility of configuration in the end, we actually know that in NR-U, PDCCH/GC-PDCCH monitoring periodicity will not be too large. Therefore, it is not a common case that SFI is longer than the COT duration. 
In addition, even if the SFI is longer than the COT duration, it also can be solved by indication the slots/symbols outside COT duration as UL or flexible by gNB, while there is no need to introduce a new UE behavior such as ignore SFI outside of COT to keep the flexibility to schedule UE in the next COT. If this new UE behavior is introduced, then it will conflict with Rel-15 NR spec that each of the more than one DCI formats 2_0 can indicate a same format for the slot. Thus, we do not agree with using another DCI format 2_0 to change the directions of slots/symbols indicated by a former DCI format 2_0 .
Proposal 3: No need to specify a new UE behaviour outside COT duration if SFI is larger than COT duration.
2.4 	Configuration of SFI, COT duration, SSS trigger and RB-set in DCI format 2_0
According to TS 38.331 V16.0.0, SFI field in DCI format 2_0 is configurable since slotFormatCombToAddModList and slotFormatCombToReleaseList are optional.
SlotFormatIndicator ::=     SEQUENCE {
    sfi-RNTI                    RNTI-Value,
    dci-PayloadSize             INTEGER (1..maxSFI-DCI-PayloadSize),
    slotFormatCombToAddModList  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF SlotFormatCombinationsPerCell                                    OPTIONAL, -- Need N
    slotFormatCombToReleaseList SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex                 OPTIONAL, -- Need N
    ..., 
}
In addition, in Clause 11.1.1 of TS 38.213 V16.1.0, it describes that “This clause applies for a serving cell ... configured to an UE by slotFormatCombToAddModList and slotFormatCombToReleaseList.” As slotFormatCombToAddModList and slotFormatCombToReleaseList are optional, thus we believe that at least from the perspective of above specifications, Rel-15 NR supports not sending SFI in DCI format 2_0.
11.1.1	UE procedure for determining slot format
This clause applies for a serving cell that is included in a set of serving cells configured to a UE by slotFormatCombToAddModList and slotFormatCombToReleaseList.
If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided a SFI-RNTI by sfi-RNTI and with a payload size of DCI format 2_0 by dci-PayloadSize. 
Although it may be odd to support not sending SFI in DCI format 2_0 in Rel-15 NR as SFI is only field defined in DCI format 2_0, there is more rationality in Rel-16 NR-U.
Firstly, maximum number payload of DCI format 2_0 scrambled with SFI-RNTI is 128 bits, which was originally only designed to notify slot format information. SFI index indicating SlotFormatCombinationId (0-511) for each cell needs 9 bits in DCI format 2_0. If a list of SlotFormatCombinations for the UE's serving cells includes 16 serving cells (maxNrofAggregatedCellsPerCellGroup = 16), DCI format 2_0 can only be used to indicate SFI. Therefore, If SFI must be included in DCI format 2_0, it will result in there are no sufficient bits to indicate COT duration, search space switching(SSS) trigger or available RB set information.
dci-PayloadSize             INTEGER (1..maxSFI-DCI-PayloadSize),
maxSFI-DCI-PayloadSize   INTEGER ::= 128   -- Max number payload of a DCI scrambled with SFI-RNTI
In addition, in some cases, SFI indication is not necessary, while either of COT duration, search space switching(SSS) trigger or available RB set indication is required for NR-U operation. For example, slot/symbol structure during the COT has already been configured by tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated or dynamic scheduling. Furthermore, even if SFI needs to be informed, it is not necessary to be indicated repeatedly, while other fields e.g. SSS group trigger or remaining COT may need to be indicated multiple times during the COT. Thus Rel-16 NR-U should support the case where UE is not configured with SFI-index field but configured with any of the following: COT duration, SS-switching trigger and RB-sets indication in DCI format 2_0. If RAN1 agrees that Rel-15 NR SFI-index is mandatory and Rel-16 NR-U SFI-index is optional in DCI format 2_0, some modifications should be made on configuring “slotFormatCombToAddModList” and slotFormatCombToReleaseList” in TS 38.331. For physical layer spec, we propose the following TP#1 to capture above points in TS 38.212.
Proposal 4: Rel-16 NR-U should support the case where UE is not configured with SFI-index field but configured with any of the following: COT duration, SS-switching trigger and RB-sets indication in DCI format 2_0. The following TP #1 can be considered.
------------------------------------- < Start of TP#1 for Clause 7.3.1.3.1 of 38.212 > ------------------------------------------
7.3.1.3.1	Format 2_0
DCI format 2_0 is used for notifying the slot format, COT duration, available RB set, and search space group switching. 
The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTI:
[bookmark: _Hlk37183227]-		If the higher layer parameter slotFormatCombToAddModList is configured
-  Slot format indicator 1, Slot format indicator 2, …, Slot format indicator N.
-    If the higher layer parameter availableRB-SetPerCell-r16 is configured, 
-	Available RB set Indicator 1, Available RB set Indicator 2, …, Available RB set Indicator N1, 
-   If the higher layer parameter CO-DurationPerCell-r16 is configured
-	 COT duration indicator 1, COT duration indicator 2, …, COT duration indicator N2.
-   If the higher layer parameter searchSpaceSwitchTrigger-r16 is configured
-	Monitoring group flag 1, Monitoring group flag 2, …, Monitoring group flag [M].
The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Subclause 11.1.1 of [5, TS 38.213]. 
-------------------------------------------------- < End of text proposal> -----------------------------------------------------
2.5 	CSI-RS reception
Rel-15 NR supports periodic, aperiodic and semi-persistent CSI-RS transmission. For NR-U, due to the requirement of LBT, aperiodic CSI-RS can well match the characteristics of opportunistic transmission in unlicensed spectrum. It can be triggered to be sent after gNB obtains a COT. Periodic/semi-persistent CSI-RS may fail to be sent at a time point according to semi-static configuration due to the failure of LBT. However, considering periodic/semi-persistent CSI-RS is conductive to signaling overhead reduction and channel state information maintenance, periodic/semi-persistent CSI-RS should also be supported even if their transmission cannot be always guaranteed due to LBT. RAN1 needs to clarify that on which condition UE needs to receive periodic/semi-persistent CSI-RS as well as SPS PDSCH. We believe that if UE confirms that configured CSI-RS resources fall into a DL transmission burst, it needs to receive CSI-RS.
There are several cases for discussion, provided that SFI-index is configurable in DCI format 2_0 as proposed in section 2.4. If RAN1 does not agree that SFI field can be configured in DCI format 2_0, the following cases can be combined (Case 1/2/3, Case 4, Case 5).
· Case 1. The UE is not configured to detect a DCI format 2_0
· Case 2. The UE detects a DCI format 2_0 without SFI and without COT
· Case 3. The UE detects a DCI format 2_0 without  SFI and with COT
· Case 4. The UE detects a DCI format 2_0 with SFI and without  COT
· Case 5. The UE detects a DCI format 2_0 with SFI and with COT
For Case 1 and Case 2, other validation mechanism can be considered, at least include:
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource
For Case 3, if validation conditions in Case 1 and 2 are not meeting, although the UE has detected a DCI format 2_0 with COT indication and then known the set of symbols of the slot are in the COT, it is still not enough to validate the P/SP-CSI-RS, as slot format information is missing. Therefore, the following description in TS 38.213 is still reasonable for NR-U.
//---------------------------------------------  Clause 11.1.1 of TS 38.213 -------------------------------------------------
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-   	....
-  	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot
//------------------------------------------------------- End ----------------------------------------------------------------------
For Case 4 and Case 5,  the UE has detected a DCI format 2_0 with SFI index, then it can use current Rel-15 NR mechanism to determination the validation of PDSCH and CSI-RS.
//---------------------------------------------  Clause 11.1.1 of TS 38.213 -------------------------------------------------
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	  ....
-  	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink
//------------------------------------------------------- End ----------------------------------------------------------------------
Proposal 5: There are several cases for discussion on P/SP-CSI-RS validation, provided that SFI-index is configurable in DCI format 2_0 as proposed in section 2.4. 
· Case 1. The UE is not configured to detect a DCI format 2_0
· At least the following validation mechanism can be considered
·  A PDSCH is scheduled in the same slot as the CSI-RS resource
·  QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource
· Case 2. The UE detects a DCI format 2_0 without SFI and without COT
· Same as Case 1
· Case 3. The UE detects a DCI format 2_0 without SFI and with COT
· Same as Case 1
· Otherwise, reuse Rel-15 NR CSI-RS validation mechanism. Even though COT indication can help the UE to know the set of symbols of the slot are in the COT, it is still not enough to validate P/SP-CSI-RS as slot format information is missing.
· Case 4. The UE detects a DCI format 2_0 with SFI and without  COT
· Reuse Rel-15 NR CSI-RS validation mechanism.
· Case 5. The UE detects a DCI format 2_0 with SFI and with COT
· Reuse Rel-15 NR CSI-RS validation mechanism.
2.6 	CSI-RS transmission power
Due to the number of carriers or RB-sets passing LBT can be changed in different COTs, thus the powers of PDSCH and CSI-RS for CSI acquisition can also be varied across different COTs. Therefore, in RAN1 #99 meeting, RAN1 has agreed the following agreement to support variable CSI-RS power in different transmission bursts for channel estimation.
Agreement:
A UE shall not average CSI-RS measurements for channel estimation across different transmission bursts from the UE's perspective.
· FFS: Potential issues due to AGC
In RAN4 LS (R1-2003274/R4-2005418) [4] to RAN1, RAN4 asks RAN1 to confirm whether a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, and whether this also applies to SSB-based RRM measurements. If the power of CSI-RS is varied across different occasions, it will impact measurement results and corresponding decisions. Rel-15 specifies that for the purpose of CSI-RSRP, CSI-RSRQ and CSI-SINR measurements, the UE may assume downlink EPRE of a port of CSI-RS resource configuration is constant across the configured downlink bandwidth and constant across all configured OFDM symbols. In our opinion, CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period, and this also applies to SSB-based RRM measurements. The gNB implementation can achieve this and the UE can maintain Rel-15 existing assumptions.
Proposal 6: CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period. The gNB implementation can achieve this purpose without any specification impacts.
 Conclusion
In this contribution, we provide our views on Rel-16 DL channels and signals, and have the following proposals:
Proposal 1: For the case that a gNB has just occupied an unlicensed carrier and a downlink transmission has just started, there is no enough time for the gNB to prepare current available RB-set information in the DCI format 2_0:
· The gNB can send the bitmap with all "1" representing all RB sets are available to the UE at the beginning of the COT, and re-transmit DCI format 2_0 with accurate available RB-set information at the next moment. 
· It is an implementation behavior and transparent to UE, thus it has no specification impact.
Proposal 2: gNB implementation should handle PDSCH mapping on intra-cell guard band in scheduling.
Proposal 3: No need to specify a new UE behaviour outside COT duration if SFI is larger than COT duration.
Proposal 4: Rel-16 NR-U should support the case where UE is not configured with SFI-index field but configured with any of the following: COT duration, SS-switching trigger and RB-sets indication in DCI format 2_0. The following TP #1 can be considered.
Proposal 5: There are several cases for discussion on P/SP-CSI-RS validation, provided that SFI-index is configurable in DCI format 2_0 as proposed in section 2.4. 
· Case 1. The UE is not configured to detect a DCI format 2_0
· At least the following validation mechanism can be considered
·  A PDSCH is scheduled in the same slot as the CSI-RS resource
·  QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource
· Case 2. The UE detects a DCI format 2_0 without SFI and without COT
· Same as Case 1
· Case 3. The UE detects a DCI format 2_0 without SFI and with COT
· Same as Case 1
· Otherwise, reuse Rel-15 NR CSI-RS validation mechanism. Even though COT indication can help the UE to know the set of symbols of the slot are in the COT, it is still not enough to validate P/SP-CSI-RS as slot format information is missing.
· Case 4. The UE detects a DCI format 2_0 with SFI and without  COT
· Reuse Rel-15 NR CSI-RS validation mechanism.
· Case 5. The UE detects a DCI format 2_0 with SFI and with COT
· Reuse Rel-15 NR CSI-RS validation mechanism.
Proposal 6: CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period. The gNB implementation can achieve this purpose without any specification impacts.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995] Reference
[1] 3GPP TS 38.214 V16.1.0, Physical layer procedures for date, 2020-04
[2] 3GPP TS 38.213 V16.1.0, Physical layer procedures for control, 2020-04 
[3] 3GPP TS 38.211 V16.1.0, Physical channels and modulation, 2020-04 
[4] R1-2003274/R4-2005418, LS on transmit power of CSI-RS across different occasions, RAN4
1

7

