3GPP TSG RAN WG1 #99                                                            R1- 1913058
Reno, USA, November 18th– 22nd, 2019
Agenda Item:	7.2.2.1.2
Source:	Google
Title:	Discussion on DL signals and channels in NR unlicensed
Document for:	Discussion
1.	Introduction
Essential topics (guided by RAN)
· 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 discuss the dynamic PDCCH switching, COT structure indicator, and the LBT switching in a gNB COT.
2.	Discussion
2.1	Dynamic PDCCH switching
	Agreement: (RAN1 #98b)
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.


In this last meeting, we made the above agreements on supporting dynamic PDCCH switching. According to the agreement, a UE can be configured with two switchable groups of search space sets and one non-switchable search space sets (e.g. Rel-15 NR). Due to the intention of this feature is to reduce the power consumption introduced by frequent PDCCH monitoring, we don’t see the necessity of introducing more than two switchable groups of search space sets.
[bookmark: _GoBack]Proposal 1: For dynamic PDCCH switching, support only two switchable groups of search space sets.
The agreement also states that the switching can be based on implicitly or explicitly indication. Regarding the explicitly indicator in GC-PDCCH and/or PDCCH, we have to clarify that is there a case that a UE detects the DL burst (e.g. WB-DMRS, GC-PDCCH, and PDCCH) but the network does not want the UE to switch. If there is no such case, Alt 1: implicitly indication is sufficient.  
Propose 2: For dynamic PDCCH switching, support only Alt 1 implicitly indication.
Also in this agreement, the description of “switch between the groups” can be interpreted in different ways. For example, it can switch from group A to group B, or it can switch off the group A and/or switch on the group B. Another issue is the timing, the start timing of switching while the UE receives/detects the indicator (e.g. immediately or with an offset) and the timing for switching back (i.e. on/off). 
In one example, if the network configures frequent PDCCH monitoring occasions (i.e. group A) outside the COT and the partial slot in the beginning of the COT, and configures less frequent PDCCH monitoring occasions (group B) in the rest of slots in the COT. In this case while the UE receives/detects an indicator, the UE should able to be configured implicitly/explicitly to switch to the group B at the beginning of the first full slot in the COT. 
In another example, the network configures a non-switchable search space sets group outside the COT, and the network want to configure the UE to switch on the group A in the partial slot, and then switches from the group A to the group B at the beginning of the first full slot. In this case, the default states of group A and group B are off, then these groups are triggered by one/multiple indicator(s) to be monitored in different periods in the COT.
To adapt different configuration styles, we should leave the flexibility to the network implementation. Therefore, we propose the following configuration for dynamic search space set group switching. 
Proposal 3: For each switchable search space set group, the following are configurable by RRC
· Default state (e.g. on/off before receiving/detecting the switch indicator)
· Switch offset (e.g. start immediately, at first full slot, or after X ms)
· Switch (on/off) duration (i.e. partial slot, MCOT or X ms)
· Note: The duration can be overwrote by a COT structure indicator

2.2 COT structure indication
	Agreement: (RAN1 #98b)
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration




2.2.1 Time domain COT structure
The time domain COT structure identification is addressed 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 ”
Majority companies mentioned that DCI format 2_0 and GC-PDCCH can be enhanced for COT structure indication. In Rel. 15 NR, a gNB can configure 256 slot formats per SFI combination and 512 SFI combinations per set to a UE in a cell by RRC, then the gNB uses DCI format 2_0 to indicate one SFI combination from the SFI combination set. Because one SFI combination can cover a duration of up to 256 slots, the gNB does not have to configure a frequent PDCCH monitoring pattern for DCI format 2_0.
However, according to the current agreements, if the DL burst detection is an optional feature, the gNB has to configure a frequent COT structure monitoring pattern (every slot or mini-slot) to guarantee the COT structure is received in the beginning of the COT. Therefore before further discussing the detail of the COT structure such as supported durations, we should consider following proposal. 
Proposal 4: Determine following options for COT structure indication
· Option-1: COT structure indicator should be transmitted in the beginning of a COT.
· Option-2: COT structure indicator should be transmitted in the first full slot of a COT. 
Proposal 5: Determine the UE behavior while receiving multiple COT structure indicators in a COT
· Option-1: UE does not expect receiving multiple COT structure indicators within a COT (Drop the second indicator or suspend COT structure monitoring).
· Option-2: UE applies the latest COT structure indicator.
Another problem raised if gNB configures a frequent COT structure monitoring pattern to UE. For example, if a gNB has to transmit COT structure indicator in every slot in the COT, each indicator will be a “one slot format removed” version of the previous indicator. Thus, if we further consider all possible transmission lengths in a COT, the maximum number of SFI combinations per set (e.g. 512) is insufficient.
Proposal 6: COT length indicator should consider the following
· Option-1: Indicate a limited set of COT length (e.g. 2ms, 3ms, 6ms, 8ms, 10ms, etc.).
· Option-2: Indicate the exact COT transmission length (i.e. # of slots).
Proposal 7: For transmitting multiple COT structure indicators in a COT, consider following:
· Option-1: Each COT structure indicator comprises the same SFI combination index and a starting index in the SFI combination regards to the current slot.
· Option-2: Each COT structure indicator indicates an individual SFI combination index, which indicates the format of a set of consecutive slots.

If a gNB configures multiple COT structure indicators in a COT, the monitoring periodicity carries partial information about the COT length. Figure 1 shows an example of such design that the total length of the COT is 8, and a gNB transmits COT structure indicators with a periodicity of 3 slots. Considering the gNB includes parameters as shown in the Table 1 in the COT structure indicator. If a UE wakes up in the middle of the COT and receives the COT structure indicator in slot #3, the UE determines the slot format of the current slot in the SFI combination by calculating XY+1 (e.g. 1*3+1=4), which indicate it starts from the 4’th slot format in the SFI combanition (e.g. SFI 3). If the gNB provides the length of the last monitoring duration in Z (i.e. Z=2), the UE can determine that the remaining COT length by calculating (N-X-1)*Y+Z, e.g. (3-1-1)*3+2=5, which indicates the remaining length is 5 slots.
  
Table 1. The COT structure indication
	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



[image: ]
Figure 1. An example of Option-1 configuration.

In contrast, Figure 2 depicts an example of the Option-2 in Proposal 5 that each indicator indicates the formats of a set of consecutive slots. In slot #0, the COT structure indicates SFI combination 1, which comprising a sequence of SFI indexes from 0 to 6. In addition, the COT structure can indicate an offset (e.g. 2. Starting index) and a duration (e.g. 3. Length) to indicate a set of SFIs within the SFI combination 1. As shown in the figure, the first indicator indicates SFI indexes 1 to 5 in the SFI combination 1 for slot #0 to slot #4, and the second indicator indicates SFI indexes 7 to 9 in the SFI combination 2 for slot #5 to slot #7. In this case, the UE doesn’t have to know the exact COT length. If the indicated length is over and the UE doesn’t receive next indicator, the UE expects the COT is over. 
[image: ]
Figure 2. An example of Option-2 configuration.
 
2.3 LBT type switching in the gNB COT
In LTE LAA, for dynamic grant, if a base station configures a UE a UL grant with channel access type 1 (LBT Cat. 4) and if the base station acquires a COT later which overlaps with the UL transmission, the base station uses a common control DCI (e.g. DCI 1C) to inform the UE an available range for UL transmission. In response to the information, the UE may use channel access type 2 (LBT Cat. 2) for the UL transmission. For autonomous UL (AUL) in LTE LAA, the base station further includes the field “COT sharing indication for AUL” in the DCI 1C. If the field states true for COT sharing for AUL, the UE may use channel access type 2 for the UL transmission.
NR-U can adopt similar procedures as LTE LAA for handling LBT type switching, that gNB can use the COT structure indicator to convey the COT sharing information, and UE determines whether to switch the LBT type according to the information. However it should be addressed that NR-U supports multiple transmission direction switching points in the COT. For the case that gNB configures a DL or flexible transmission after a UL transmission, if the UL transmission fails due to LBT, the gNB might unable to transmit the subsequent transmissions. In this regard, to secure the subsequent transmissions, the gNB should mandate the UE to switch to the LBT type (e.g. Cat. 2) indicated in the control information.
Proposal 8: gNB should indicates channel access type switching explicitly or implicitly in the COT structure indicator. 
Proposal 9:  For a UE scheduled by a UL grant of a UL transmission that falls in a UL region indicated by a COT structure indicator, the UE is mandated to use the LBT indicated for the COT if the UL region is not the last transmission region in the COT.
In NR-U standalone, the networks configures random access resources on shared spectrum, and UE transmits RACH preamble on the RACH occasion. For the scenario that a gNB acquires a COT including the RACH occasion, if the gNB does not schedule transmissions on the RACH occasion, the gNB may leave the RACH occasion for RA preamble transmission. Similar to the issue of securing subsequent transmissions, the gNB should indicate “COT sharing for RACH” in the common control information (i.e. COT structure indication) as well.   
Proposal 10: gNB should indicate “COT sharing for RACH” in the common control information
3. Conclusions
Proposal 1: For dynamic PDCCH switching, support only two switchable groups of search space sets in Rel-16 NR-U.
Propose 2: For dynamic PDCCH switching, support only Alt 1 implicitly indication if the number of switchable groups is two.
Proposal 3: For each switchable search space set group, the following are configurable by RRC
· Default state (e.g. on/off before receiving/detecting the switch indicator)
· Switch offset (e.g. start immediately, at first full slot, or after X ms)
· Switch (on/off) duration (i.e. partial slot, MCOT or X ms)
· Note: The duration can be overwrote by a COT structure indicator
Proposal 4: Determine following options for COT structure indication
· Option-1: COT structure indicator should be transmitted in the beginning of a COT.
· Option-2: COT structure indicator should be transmitted in the first full slot of a COT. 
Proposal 5: Determine the UE behavior while receiving multiple COT structure indicators in a COT
· Option-1: UE does not expect receiving multiple COT structure indicators within a COT (Drop the second indicator or suspend COT structure monitoring).
· Option-2: UE applies the latest COT structure indicator.
Proposal 6: COT length indicator should consider the following
· Option-1: Indicate a limited set of COT length (e.g. 2ms, 3ms, 6ms, 8ms, 10ms, etc.).
· Option-2: Indicate the exact COT transmission length (i.e. # of slots).

Proposal 7: For transmitting multiple COT structure indicators in a COT, consider following:
· Option-1: Each COT structure indicator comprises the same SFI combination index and a starting index in the SFI combination regards to the current slot.
· Option-2: Each COT structure indicator indicates an individual SFI combination index, which indicates the format of a set of consecutive slots.
Proposal 8: gNB should indicates channel access type switching explicitly or implicitly in the COT structure indicator. 
Proposal 9:  For a UE scheduled by a UL grant of a UL transmission that falls in a UL region indicated by a COT structure indicator, the UE is mandated to use the LBT indicated for the COT if the UL region is not the last transmission region in the COT.
Proposal 10: gNB should indicate “COT sharing for RACH” in a common control information (i.e. COT structure indicator)
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