Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227][bookmark: _GoBack]3GPP TSG-RAN WG1 #96bis	R1-1904166 
Xi’an, China, 8th – 12th April, 2019	

Agenda Item:	7.2.2.1.2
Source:	Panasonic
Title:	DL signals and channels for NR-U 
Document for:	Discussion, Decision
Introduction
[bookmark: _Ref462918989]In this contribution, we provide our views for the design of signal/channel for COT structure indication, DL burst detection, dynamic PDCCH monitoring outside and inside COT, PDSCH transmission in partial slot and design of CSI-RS.    
COT structure indication
2.1 Use case of COT indication and COT structure info
Since the answer to what info should be included in the COT structure indication highly depends on the use case of such indication, we discuss following issues together in this section.

Enable resource sharing between gNB and UE
In unlicensed band operation, after acquiring the channel by LBT, the initiating device (e.g. gNB) can occupy the channel up to maximum COT. During the COT, it is beneficial for gNB to share the acquired time-frequency resources with UE. The advantages include:
· To allow flexible resource usage among DL and UL: DL and UL directions can be decided more dynamically based on the traffic dynamics.
· To allow UL transmission without performing LBT in gNB acquired COT or only one shot, Cat-2 LBT
To enable resource sharing, it is necessary for gNB to inform UE which symbols are DL, UL and Flexible by COT structure indication. The definition of the flexible symbol can follow what has been defined in Rel-15 NR slot format. Namely, semi-static transmission is not allowed over flexible symbols but dynamic scheduling can make use of flexible symbols. With the DL/UL direction information indicated to the UE, resource sharing between gNB and UE for the acquired COT is realized. The additional benefit of indicating DL/UL direction for the COT is to allow the control of semi-statically configured/periodic transmission. For example, if UL transmission configured by RRC is occurring within the gNB’s COT, but the configured resources are indicated as DL or flexible by gNB, then UL transmission has to be dropped.  
The COT structure indication is associated with a valid time duration. After that duration, UE will expect receiving another indication. One way is to set the valid time the same as COT duration. However, a better way is to set valid time only for one or a few slots, less than the MCOT. With the shorter valid time, the COT structure can be modified more dynamically to adapt to the traffic demand.
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.

Enable UE to skip RRC configured PDCCH occasions
There has been consensus to support different PDCCH monitoring patterns in time domain within and outside a gNB’s COT, for example, before UE identifies the gNB’s COT, it adopts mini-slot monitoring to facilitate fine channel access granularity. Once UE detects the COT, UE can switch to slot-based monitoring to reduce power consumption and scheduling overhead. 
Basically, there are two ways to enable such dynamic switching between different PDCCH monitoring patterns: trigger-based method or signaling-based method or the combination of both.
· Trigger-based method: Two PDCCH monitoring patterns are preconfigured. Before UE identifies a gNB’s COT, UE uses pattern 1. After UE detects some initial signal at the beginning of the COT (e.g. wideband DM-RS), UE switches to pattern 2 (i.e. the identification of COT triggers another PDCCH monitoring pattern). 
· Signalling-based method: UE is explicitly signalled via COT structure info whether UE should spend or reduce its effort on PDCCH decoding. For example, COT structure info can dynamically indicate some CORESET symbols within a COT are non-DL symbols, such that UE can skip monitoring those symbols.
The advantage of explicit signalling is that within the COT more flexible PDCCH monitoring pattern can be indicated, and it is not limited to one single PDCCH monitoring pattern for the entire COT. Therefore, we suggest that COT structure indication should support such use case. 
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 

2.2 Signalling design of COT structure indication
In Rel-15 NR, a slot format defining DL, UL and Flexible symbols is indicated via group-common PDCCH (DCI format 2_0). It is reasonable for COT structure indication in NR-U to inherit such design as much as possible, because the COT structure indication is to define DL, UL Flexible symbols similarly. Therefore, we propose to use group-common PDCCH for COT structure indication. Compared to DCI format 2_0, additional fields may be added when needed. 
Regarding the grouping, UEs which are configured with the same RNTI belong to the same group for group common PDCCH monitoring. Therefore, the network has the flexibility to control the size of the group, which could vary from one single UE to a certain number of UEs. 
The blind decoding candidate position is specific within the CORESET for group common PDCCH in Rel-15 to ease the UE detection. The same design is also beneficial for the NR-U UEs. Since the search space candidate position of CCE for group common PDCCH carrying COT info is not shared with other PDCCHs, it facilitates the DL burst detection, as discussed in the following section 3.  
Proposal 3: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.

DL burst detection
If the group-common PDCCH is adopted to indicate the COT structure at the beginning of the COT, it would be a natural choice to define group-common PDCCH as the only PDCCH that UE needs to monitor before knowing the COT. This would bring the power saving benefit compared to the case where UE performs full BDs all the time. If further power saving needs to be pursuit, as an UE implementation option, DM-RS sequence correlation in the group-common PDCCH can be used as the first step instead, meaning that UE would try to decode group-common PDCCH if and only if the DM-RS sequence correlation passes the threshold or the channel estimation from DM-RS provides good enough channel strength. This means that the two-step PDCCH decoding process with respect to DM-RS detection should not be mandated, but rather as an implementation option of the UE.
Furthermore, it has not been concluded whether DM-RS in (UE-specific) PDCCH or GC PDCCH shall be used for downlink burst detection. From our perspective, since COT is indicated by GC PDCCH, the detection of the downlink burst should be based on DM-RS in GC PDCCH. To increase the reliability, as an implementation option, search space for GC PDCCH can be configured with one fixed high aggregation level, utilizing the full bandwidth of the corresponding CORESET. Then the wideband DM-RS in the CORESET of GC PDCCH can be used for detection of the downlink burst.
Proposal 4: Before detection DL burst, UE only monitors GC-PDCCH. As an implementation option, UE can rely on DM-RS in GC-PDCCH to detect the DL burst for power saving.

Dynamic PDCCH monitoring
There has been consensus to support different PDCCH monitoring patterns in time domain within and outside a gNB’s COT. Basically, for PDCCH monitoring efforts, the following three phases can be referred to:
Phase A: Outside gNB’s COT
Phase B: Beginning of gNB’s COT
Phase C: Remainder of gNB’s COT
In Phase A, in terms of PDCCH monitoring effort, UE only blindly decodes GC-PDCCH at the pre-configured location, e.g. every two symbols. As mentioned in the previous section, UE can choose to rely on DM-RS detection for DL burst detection for further power saving. UE identifies the transition from Phases A to B if the DL burst is detected, where GC-PDCCH also informs UE the COT structure information. With COT structure information, UE is aware of the transition from Phases B to C. Within the COT, UE performs full BD for both common PDCCH and UE-specific PDCCH. Note that the COT structure information can dynamically indicate UE to skip some RRC configured PDCCH monitoring occasions, e.g. by setting some CORESET symbols as non-DL symbols, as mentioned in Section 2.1. Moreover, COT information also indicates when the COT is ended, with which UE can transit from Phases C back to A.
Proposal 5: COT structure information in GC-PDCCH is used to adapt UE’s PDCCH monitoring efforts in Phases A/B/C.

First PDSCH transmission in partial slot
It was discussed how to map the first PDSCH of the NR-U DL burst based on the LBT outcome. Following are identified as solutions as described in the TR:
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. The options are not mutually exclusive.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
Some companies supporting “Option 1 only” seem to assume the multiple mini-slot mapped on the first partial slot. However, it causes more DMRS/PDCCH overhead than necessary, which can degrade the resource efficiency. We propose some enhancements beyond the Rel-15 NR.
We support PDSCH mapping type B with durations other than 2/4/7 symbols (Option 3). The flexible duration fitting into the available resource size based on the LBT outcome would minimize the DMRS/PDCCH overhead.
Proposal 6: Support PDSCH mapping type B with durations other than 2/4/7 symbols for the first NR-U PDSCH in the DL burst (Option 3).
Although we support option 3 above, our actual proposed behaviour is following. We would like to describe the possible operations of NR-U gNB. Before LBT, gNB would prepare the TB whose size is larger or smaller than available resource after LBT. If TB size after coding is larger than available resource, gNB performs puncturing as Option 2. If smaller, gNB performs repetition. Details of examples are as follows:
Operation case 1 (puncturing, Option 2):
NR-U gNB performs TB preparation -> rate-matching -> LBT -> symbol-level puncturing. At first, gNB prepares one TB whose size is intended to be mapped on the e.g. 12 symbols. The gNB also performs rate-matching based on the 12 symbols. Then gNB performs LBT. If 7 symbols are available for PDSCH, the first (or last) 5 symbols of the rate-matching output are punctured (Option 2). Finally, the remaining 7 symbols are mapped on the available symbols. The symbol level puncturing would be recovered by CBG based retransmissions.
Operation case 2a (symbol repetition):
NR-U gNB performs TB preparation -> rate-matching -> LBT -> symbol repetition. At first, gNB prepares TB (candidates) whose size are intended to be mapped on the e.g. 2 symbols. The gNB also performs rate-matching based on the 2 symbols. Then gNB performs LBT. If 8 symbols are available for PDSCH, the rate-matching output are repeated 4 times. Finally, the generated 8 symbols are mapped on the available resource.
Operation case 2b (rate-matching with repetition):
NR-U gNB performs TB preparation -> rate-matching with repetition -> LBT. At first, gNB prepares TB (candidates) whose size are intended to be mapped on the e.g. 2 symbols. Next, gNB performs rate-matching with repetition based on e.g. available 8 symbols with the assumption of the first LBT success. Then gNB performs LBT and map PDSCH if LBT succeeds. If LBT fails, gNB retries rate-matching based on e.g. available 6 symbols with the assumption of the second LBT success, and then retries LBT. This process is repeated until LBT success.
From the performance perspective, the operation case 1 of the puncturing allows to keep the original coding rate for each CB based on the channel condition. This has the merit. In case 2a and 2b, if the TBs for smaller number of symbols (like 2 symbols) are repeated to larger number of symbols (like 14 symbols), it would not be efficient. But if some multiple TBs candidates for multiple symbols are prepared, the excessive repetition can be avoided. Then overall, we think any of operations or combinations of them can work well.
Specification impact on above operations are following.
In operation case 1, how punctured symbols are mapped to the resource needs to be specified. In operation case 2a, additional symbol level repetition stages need to be specified. In operation case 2b, if the final coding rate after the repetition is lower than current supported MCS rate, some MCS table needs to be modified.
Regardless of which operation case 1, 2a or 2b, in Rel-15 NR, the receiver UE calculates the TB size from the assigned resource size for PDSCH. But due to puncturing or repetition above, the NR-U PDSCH assigned resource size (e.g. 7 symbols in case 1 above) can be different from the resource size for TB size calculation (e.g. 12 symbols in case 1 above). And then, UE cannot calculate the TB size from the assigned resource size, resulting in the decoding failure. Therefore, UE needs to know which resource size should be used for TB size calculation in addition to actual assigned resource size after LBT.
We propose that gNB indicates the resource size for TB size calculation, as well as the assigned resource size. For the retransmission of the same TB, TB size is not required to be informed but it can be indicated again for the error protection of the case the 1st PDSCH assignment are lost by UE. This is similar to licensed band operation.
Proposal 7: gNB indicates the resource size for TB size calculation, as well as the assigned resource, at least for the first NR-U PDSCH in the DL burst.

CSI-RS transmission and CSI reporting
CSI-RS transmission
In Rel.15 NR, CSI-RS transmission could be periodic, semi-persistent and aperiodic. They should also be supported in NR-U to allow gNB to understand current channels status correctly. However, in NR-U, LBT is basically required before the transmission. Thus, some enhancements is needed to introduce CSI-RS in NR-U. 
Considering the reuse of periodic and semi-persistent CSI-RS in NR, some periodic transmission opportunities of CSI-RS transmission could be lost because gNB could fail because of LBT failure. To avoid this, CSI-RS transmission should have more flexibility.  One possibility is to allows gNB to have some possible transmission opportunities in the window and UE blindly detect CSI-RS transmission. It has the issue on low SINR measurement when blind detection of CSI-RS is failed and another issue is UE power consumption. Therefore, instead of blind detection of CSI-RS, we would propose the initially configured timing of CSI-RS is shifted based on a pre-configured rule related to gNB obtained COT structure. Another option is explicit aperiodic CSI-RS transmission request similar to SRS transmission by DCI format 2_3.Since the shift based on pre-configured rules or explicitly requests could provide gNB and UE with the same understanding of CSI-RS timing, there is no need to blind decoding of CSI-RS transmission by UEs. 
Aperiodic CSI-RS associated with the DCI format scheduling the PUSCH in NR has the scheduling flexibility already. Therefore, to reuse in NR-U can be supported. 
Proposal 8: The timing of CSI-RS should be allowed to shift based on LBT outcome
· Method to avoid UE blind detection of CSI-RS due to the shift should be studied

CSI reporting
CSI reporting could also be periodic, semi-persistent and aperiodic. Therefore, the same discussion as CSI-RS transmission could basically be applied. In addition, even if an aperiodic CSI-RS transmission is successfully transmitted in gNB COT, the corresponding CSI reporting could be failed due to the interval time needed to prepare the reporting after receiving the CSI-RS transmission. As COT length is limited, the CSI reporting could be scheduled outside of the COT including the corresponding CSI-RS transmission. In such a case, it could be beneficial to postpone the transmission of the CSI reporting to the next gNB obtained COT similar to HARQ-ACK/NACK discussion. 
Proposal 9: To postpone the aperiodic CSI reporting to the next COT could be considered.

Conclusion
Based on the discussion, we propose following. 
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 
Proposal 3: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.
Proposal 4: Before detection DL burst, UE only monitors GC-PDCCH. As an implementation option, UE can rely on DM-RS in GC-PDCCH to detect the DL burst for power saving.
Proposal 5: COT structure information in GC-PDCCH is used to adapt UE’s PDCCH monitoring efforts in Phases A/B/C.
Proposal 6: Support PDSCH mapping type B with durations other than 2/4/7 symbols for the first NR-U PDSCH in the DL burst (Option 3).
Proposal 7: gNB indicates the resource size for TB size calculation, as well as the assigned resource, at least for the first NR-U PDSCH in the DL burst.
Proposal 8: The timing of CSI-RS should be allowed to shift based on LBT outcome
· Method to avoid UE blind detection of CSI-RS due to the shift should be studied
Proposal 9: To postpone the aperiodic CSI reporting to the next COT could be considered.
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