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1 Introduction
In last meeting, the WF is agreed[1] and we will discuss the following aspects:
	· CSI report delay in SCell activation delay
· CSI report definition
· Two CSI reports in SCell activation
· Ending point of SCell activation
· Earliest time for L1-RSRP report
· Rough beam or fine beam
· Beam sweeping factor 


2 Discussion
For SCell activation delay reduction, except for classification of different unknown scenarios, we identify another issue, which may have impact on the ending point of SCell activation delay for FR2. It may relate to both L3 and L1, then we introduce it in this paper.
For unknown case of SCell activation in FR2, before traditional CQI based CSI report, UE will send L1-RSRP report. L1-RSRP is also one type of CSI report, which is defined in RAN1. Then it seems that there are two CSI reports. In this paper, we will analyse the difference of the two CSI report. If the ending point of SCell activation can be shifted prior to the CQI based CSI report, then Scell activation delay will be greatly reduced. 
2.1 CSI report delay in SCell activation delay
The ending point of scell activation is CQI based CSI report which is re-used from LTE. The total delay of SCell activation is:
	Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot  , where:



In current spec, the extra delay of CQI based CSI report will be in two parts: Tactivation_time and TCSI_reporting.
First part is in Tactivation_time. it will be classified into RRC and MAC CE case.  For RRC, the delay is Tuncertainty_RRC + TRRC_delay. For MAC CE, the delay is Tuncertainty_SP.
For 2nd part, TCSI_reporting is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.
Therefore, there is very large delay due to CQI based CSI report.
Observation 1: The ending point of scell activation is CQI based CSI report which is re-used from LTE. Large delay will be caused by CQI based CSI report, which will have impact on both  and .
2.2 CSI report definition
The main purpose of CSI report is to feedback channel quality information then NW can schedule better. CSI report will be sent to NW by PUCCH or PUSCH. Beam index, L1-RSRP, L1-SINR are also CSI, according to RAN1.
	5.2.1	Channel state information framework
……
The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI), L1-RSRP, L1-SINR or Capability[Set]Index.



Besides, there are many report quantities defined in CSI report in 38.214:
	A UE may be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to either 'none', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP', 'cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR', 'cri-RI-LI-PMI-CQI', 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index', 'cri-SINR-Capability[Set]Index' or 'ssb-Index-SINR-Capability[Set]Index'.


In FR2, analogy beamforming will be mainly used. L1-RSRP report are introduced to indicate the beam level channel quality. In Rel-16, L1-SINR is also introduced. For L1-RSRP report, it will include {CRI, or SSBRI, RSRP}, it’s also one type of CSI report indicating beam level channel quality.
There are some other traditional report quantities, CRI/PMI/RI/CQI, which are firstly introduced in LTE where omnidirectional antenna is applied. They can provide more detail channel information for link adaptation, e.g. MIMO layer, precoder, subband/wideband CQI. 
Observation 2: CSI report will include several types depend on report quantity. L1-RSRP report or L1-SINR report is also one type of CSI reports indicating beam level channel quality.
2.3 Two CSI reports in SCell activation
Currently, the ending point of scell activation is CQI based CSI report. The CQI based CSI report ending point is re-used from LTE. For LTE, there is no analogy beamforming, therefore one traditional CQI based CSI report is needed. 
However, for SCell activation in unknown case in FR2, we will send two CSI reports. One is L1-RSRP based CSI report, another one is CQI based CSI report.
Observation 3: For SCell activation in unknown case in FR2, we will send two CSI reports. One is L1-RSRP based CSI report, another one is CQI based CSI report.
First CSI report (L1-RSRP report)
The first CSI report, i.e. L1-RSRP report, may include {CRI, or SSBRI, RSRP}. If necessary, SINR can be included in the same report. It can provide basic channel information for initial scheduling. It may be not optimal, but NW can already start scheduling.
For example, it provides RSRP/SINR for single layer transmission in one analogy beam. According to RSRP/SINR, NW can schedule a moderate MCS which will apply for data in all bandwidth. Beam index provide Tx beam direction information where a spatial filtering will be applied, Beam index is similar as the concept of TX precoder index. Therefore, for L1-RSRP, it provides TX precoder index for analogy beam and the corresponding RSRP/SINR. 
2nd CSI report (CQI based)
While in the 2nd CSI report, CQI may provide channel quality information in finer granularity, e.g. wideband/subband CQI. NW can choose different MCS level for data in different subband. Besides, CQI is a mapping between SINR and MCS level, which can reflect the UE receiver capability better. The 2nd CSI report can also provide multi-layer based transmission information by PMI, RI.
To us, the 1st L1-RSRP report can be rough CSI report for single layer transmission. While the 2nd CQI based CSI report is an enhanced report with more detail information which can help to increase data throughput. However, we don’t think that CQI reporting is the blocking issue for data scheduling. CQI based measurement/reporting can be performed with data transmission in parallel. 
Besides, we have other features that UE can start to receive data even without CSI report, e.g. initial access and HO, where the ending point is PRACH. Only beam index is provided to NW which is associated with SSB index in PRACH. While no RSRP or SINR is provided. 
In legacy, NW will schedule data after 2nd CQI based CSI report, as shown in Fig.1(a), the CQI measurement and Data reception is in sequential. If the ending point of SCell activation can be shifted prior to the 2nd CSI report, then NW may start scheduling data earlier, as shown in Fig.1(b). CQI based CSI measurement and report can be performed with data transmission in parallel to further enhance data throughput later.
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Fig.1(a)  Start scheduling data after 2nd CSI report
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Fig.1(b)  Start scheduling data after 1st CSI report

Observation 4: The 1st L1-RSRP report can be assumed to be rough CSI report for single layer transmission. while the 2nd CQI based CSI report is an enhanced CSI report with more detail information which can help to increase data throughput. CQI reporting isn’t the blocking issue for data scheduling.
Observation 5: In some other feature, UE can start to receive data even without CSI report, e.g. initial access and HO, which only provide beam index while no RSRP/SINR is reported.
Proposal 1: L1-RSRP report can be rough CSI report for single layer transmission. CQI base CSI report is enhanced CSI report with more detail information to enhance throughput.
Proposal 2: L1-RSRP report can be used for initial scheduling, and the ending point of SCell activation can be shifted prior to the CQI based CSI report. CQI based CSI measurement/report can be performed with data transmission in parallel.
2.4 Ending point
In current timeline for scell activation, after L1-RSRP report, TCI activation is still included. 
In previous SCell activation discussion in Rel-15, whether TCI state activation is included in SCell activation is widely discussed. One of the reasons to include TCI activation is for CQI based CSI report. However, if the ending point can be prior than CQI based reporting, RAN4 needs to discuss whether TCI activation will be included in SCell activation and what’s the ending point of SCell activation.
Proposal 3: If L1-RSRP report can be used as CSI report for initial scheduling, RAN4 to further discuss the ending point for SCell activation in FR2, e.g. whether TCI activation is included or not.
2.5 Earliest time for L1-RSRP report
If the ending point can be shifted earlier, it’s necessary to discuss the earliest time for L1-RSRP report. since TCI activation will depends on the L1 report either. If L1-RSRP report can be sent out earlier, the whole activation delay can be further reduced.
It will be classified into two scenarios.
1. UE already have available L3 result 
If UE has available L3 result for the target SCell, UE just re-use the results. UE can send beam index and RSRP in L1-RSRP report. it’s the fastest method. 
It’s possible that there are some other scenario that some results can also be re-used. For example, if UE have available L3 result for other cell in the intra-band with target SCell, since for intra-band case, these TRP are co-located. Therefore, the result can also be re-used. These issues can be discussed later.
Proposal 4: If UE already have available result based on L3 measurement, UE just re-send the results in L1 report.
2. UE didn’t have available L3 result 
For unknown case, UE need to perform AGC, cell search first, even the CSI-RS is configured earlier, UE need to perform SSB based AGC and cell search first. During that period, it’s possible that UE has already performed SSB based L1-RSRP measurement. Then UE can send L1-RSRP report earlier, as shown in Fig.2.
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Fig.2 UE perform L1-RSRP measurement in AGC/cell search step

For CSI-RS based L1 measurement, it can’t guarantee when CSI-RS resource is configured. Besides, UE can’t perform CSI-RS based measurement during cell search period.
Observation 6: SSB based L1-RSRP report can be sent out earlier than CSI-RS based L1-RSRP. 
Proposal 5: If UE didn’t have available L3 result, L1-RSRP measurement can be performed during AGC, cell search step, then L1-RSRP report can be sent out earliest.
2.6 Rough beam or Fine beam assumption in L1 report
For beam level L1 report, as mentioned before, it just means that the result will be sent by PUCCH/PUSCH in CSI report. While for the content of the result, i.e. beam index, RSRP/SINR, it may be derived by two beam assumptions:
· Rough beam
· Fine beam
From our understanding, beam index and RSRP derived from both assumptions can work. For known SCell activation case, the beam index is also derived from rough beam. and it will be used in TCI activation later. Compared with fine beam, the RSRP/SINR derived from rough beam may be lower, however, NW can still begin to schedule data with the rough result. 
Proposal 6: Beam index and RSRP in L1 report can be derived by both fine beam or rough beam.
2.7 Beam sweeping factor
Since we suggest to perform beam index measurement in cell search and AGC step, and skip previous L1-RSRP. In that case, Since UE need to find a more accurate beam to report, we suggest not to reduce RX beam sweeping factor.
Proposal 7: If beam index is obtained in cell search and AGC step, suggest not to reduce RX beam sweeping factor.
3 Conclusion
In this contribution, we provide our view regarding to SCell activation:
Observation 1: The ending point of scell activation is CQI based CSI report which is re-used from LTE. Large delay will be caused by CQI based CSI report, which will have impact on both  and .
Observation 2: CSI report will include several types depend on report quantity. L1-RSRP report or L1-SINR report is also one type of CSI reports indicating beam level channel quality.
Observation 3: For SCell activation in unknown case in FR2, we will send two CSI reports. One is L1-RSRP based CSI report, another one is CQI based CSI report.
Observation 4: The 1st L1-RSRP report can be assumed to be rough CSI report for single layer transmission. while the 2nd CQI based CSI report is an enhanced CSI report with more detail information which can help to increase data throughput. CQI reporting isn’t the blocking issue for data scheduling
Observation 5: In some other feature, UE can start to receive data even without CSI report, e.g. initial access and HO, which only provide beam index while no RSRP/SINR is reported.
Proposal 1: L1-RSRP report can be rough CSI report for single layer transmission. CQI base CSI report is enhanced CSI report with more detail information to enhance throughput.
Proposal 2: L1-RSRP report can be used for initial scheduling, and the ending point of SCell activation can be shifted prior to the CQI based CSI report. CQI based CSI measurement/report can be performed with data transmission in parallel.
Proposal 3: If L1-RSRP report can be used as CSI report for initial scheduling, RAN4 to further discuss the ending point for SCell activation in FR2, e.g. whether TCI activation is included or not.
Proposal 4: If UE already have available result based on L3 measurement, UE just re-send the results in L1 report.
Observation 6: SSB based L1-RSRP report can be sent out earlier than CSI-RS based L1-RSRP. 
Proposal 5: If UE didn’t have available L3 result, L1-RSRP measurement can be performed during AGC, cell search step, then L1-RSRP report can be sent out earliest.
Proposal 6: Beam index and RSRP in L1 report can be derived by both fine beam or rough beam.
Proposal 7: If beam index is obtained in cell search and AGC step, suggest not to reduce RX beam sweeping factor.
4 Reference 
[1] R4-2220440, WF on Even Further RRM enhancement for NR and MR-DC – Part 1, Apple



image1.png
2nd CSl report:

First CSl report: A
cQl/PMI/RI/Li report . .
L1-RSRP report Q/PMI/RVLirep Ending point

/

Start scheduling data

Scell activation command TCl activation In sequential T time
88 CSl resource L J
configuration/reorting g





image2.png
Ending point

First CSl report:
ﬂ/\

L1-RSRP repo'r}o oX

N

Possible time to start
scheduling data

In parellel

TCl activation
Scell activation command && CSl resource
configuration/reorting

T time




image3.png
First CSl report:
L1-RSRP report

Scell activation command T time




