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1. Introduction

The remaining issues of CSI-RS measurements core part are captured in [1]. Some open issues are still remained: the UL scheduling restriction and CSI-RS measurement window. In addition, [R4-2101842] observed a new issue about the definition of detected associatedSSB. This contribution provides analysis on these issues.
2. Discussion
2.1. UL scheduling restriction for CSI-RS intra-frequency measurements

UL scheduling restriction for CSI-RS intra-frequency measurements is still open. The issue captured in [1] is shown as below.
	· On Scheduling restriction

· On intra-frequency measurement scheduling restriction for TDD band

· Option 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, and 1 OFDM symbols before and after each consecutive CSI-RS symbols, where the serving cell is taken as the symbol level timing reference. 

· Option 2: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols to be measured, and on 1 OFDM symbol before and after each consecutive CSI-RS symbols to be measured.


The scenario of the scheduling restriction is that in TDD band the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit on symbols on which the CSI-RS reception in a different cell. In other words, this happens in TDD dynamic UL/DL configuration scenario. In order to avoid the interference falling into UE mobility measurement, RAN4 agreed to prioritize the CSI-RS L3 measurement over uplink transmission. In the following we analyze which OFDM symbols in uplink will be impacted by the DL to-be-measured CSI-RS resources for mobility on neighbor cell. These impacted symbols are so called uplink scheduling restriction.
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Figure 1. Example of uplink scheduling restriction in TDD band
Figure 1 provides an example. The CSI-RS resource is transmitted on symbol#4 with green highlight in intra-frequency neighbor cell. Accordingly uplink transmission in serving cell is triggered by DCI0_0. As UE uses one single FFT size, the frame boundary time difference between serving cell and neighbor cell is no more than [1]CP. 
In TDD, the uplink transmission advances downlink NTA+NTA-Offset where NTA-Offset is 13us. Some companies think large time advance (NTA) may result in the interruption advanced by more than 1 OFDM symbols. As we know the supported SCS in FR1 is 15KHz, 30KHz or 60KHz. Taking the worst case (@ 60kHz SCS) as an example, after minus TA-offset and 1CP, the remaining part in one OFDM symbol is about 4us. As 1us corresponds to 300m, it means the supported TA is 4us which corresponds to 600m cell radius. In NR, such cell radius is sufficient for typical coverage. Thus uplink symbol #6 is not interrupted. Consequently, the impacted uplink OFDM symbols are symbol #4 and symbol #5 which are marked in shadows in Figure.1. 

The option 1 uses the wording “data OFDM symbols overlapped by CSI-RS resource symbols to be measured”. As we discussed above, CSI-RS resource (to be measured) in neighbor cell only impacts the uplink symbols “on the to-be measured resource, and on 1 OFDM symbol before and after”. In other words, the impact position on uplink is fixed. The wording “overlapped” is not necessary. In addition, the wording “overlapped” is not clear to network since which OFDM symbols are overlapped by CSI-RS resource are from UE side.
Consequently Option 2 of scheduling restriction on uplink due to CSI-RS measurement is appropriate. That is, 
“When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols to be measured, and on 1 OFDM symbol before and after each consecutive CSI-RS symbols to be measured.”
Proposal 1: Option 2 for scheduling restriction on uplink due to CSI-RS measurement is appropriate:
-Option 2: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols to be measured, and on 1 OFDM symbol before and after each consecutive CSI-RS symbols to be measured.
2.2. Time validity of the detected associatedSSB 
In current specification cluase 9.10.2.5, the CSI-RS based intra-frequency measurements without gap are specified as below. 
	9.10.2.5
Intra-frequency measurements without measurement gaps

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the CSI-RS based measurement shall include PSS/SSS detection time of associatedSSB, the time period used to acquire the SFN information and CSI-RS based measurement period without gap.
PSS/SSS detection time of associatedSSB is the intra-frequency TPSS/SSS_sync_intra in Clause 9.2.5.1. If the associatedSSB is already detected, the time period is equal to 0.
The time period used to acquire the SFN information is intra-frequency TSSB_time_index_intra in Clause 9.2.5.1 or in clause 9.2.6.2 or inter-frequency TSSB_time_index_inter in clause 9.3.4. If the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled), the time period is equal to 0. It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2.

The measurement period for intrafrequency measurements without gaps is as shown in table 9.10.2.5-1, Table 9.10.2.5-2.


It is observed that the associatedSSB detection time duration refers to TPSS/SSS_sync_intra in Clause 9.2.5.1. Clause 9.2.5.1 defines the cell detection delay. When the associatedSSB is detected, UE can skip cell detection (TPSS/SSS_sync_intra equals 0). Nevertheless in current specification, definition on the time validity of detected associatedSSB is missed. If the associatedSSB is detected a long time ago, the coarse timing information acquired by PSS/SSS detection will be invalid. Then UE needs to perform cell detection again. Therefore it is necessary to define the time validity of detected associatedSSB.
As we know, in the handover requirements (clause 6.1.1), regarding the time duration for cell search, the following requirements are specified,
	Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
<skip unrelated part>

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.


In essence, the definition of known cell in handover requirements resembles the time validity of detected cell. 
So we propose the definition of detected associatedSSB in CSI-RS measurement can refer to handover.
Proposal 2: Adding the definition of detected associatedSSB in 9.10.2.5 section: 
The associatedSSB is detected if it has been meeting the relevant cell identification requirement during the last 5 seconds.
2.3. Details in CSI-RS measurement window

In RAN4#98-e, it is agreed [WF R4-2103629] that 

	· On CSI-RS resources in the same MO with different offset

· Option 1: All CSI-RS resources in the same MO are configured in the same 5ms window. 

· Option 2: Different CSI-RS resources in the same MO may fall in different 5ms window. 


To explain the difference between the two options, Figure 1 shows two cases, 
· Case 1: two CSI-RS resources are configured in the same window 
· Case 2: two CSI-RS resources fall in different 5ms windows 
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Figure 1: Illustration of different cases for CSI-RS resources in periodically occurring windows

With option 1, only Case 1 will be supported requirements wise, and with option 2, both Case 1 and Case 2 will be supported. In our view, Case 2 should be also supported.
From NW side, this allow flexible CSI-RS configuration. Considering CSI-RS resources may need to be placed in the same 5ms window as SSB (to allow MG based measurement), it may be difficult to accommodate all CSI-RS resources in a single 5ms window. 
For example, one cell may transmit 32 CSI-RS resources, and with 30kHz SCS, NW needs to transmit all of them in 10 slots if Case 2 is not supported. With D=3, at most 4 resources can be transmitted per symbol, so to transmit all 32 resources, 8 symbols are needed. Assuming 4:1 for DL:UL allocation, there will be 6 DL slots in the 5ms time period, which is 84 symbols. It may not be easy to find 8 symbols from the 84 symbols considering other transmission like
· SSB

· common channels like SIBs and paging

· other CSI-RS resources for L1 measurement, e.g. CSI-RS for CSI, CSI-RS for BM and TRS. It is noted for each of these CSI-RS, 32 resources may also be needed, and some of may be associated with more than 1 ports
Observation 1: It may be difficult for NW to accommodate all CSI-RS resources in the same 5ms window.
From UE side, as the offset for each CSI-RS resource is provided by the configuration signalling, the presence of each CSI-RS resource in a window instance should be clear, so there is no problem for UE to determine which resources to measure for a window instance. Some companies mentioned the concern on UE complexity, but in our understanding, UE anyway needs to do CSI-RS measurement on per resource basis because it needs to check if the associated SSB of a specific CSI-RS resource is detected or not. In addition, UE supporting Case 1 can also support Case 2, as in case 2 the occasions to measure for each resource is just reduced compared to Case 1. 

In RAN4#98-e, some companies raised the concern that supporting Case 2 may cause impact to the CSSF calculation, and may lead to longer measurement period. In our view this is not an issue. CSSF is derived on per MG occasion basis, so it can already support Case 2. A CSI-RS layer is considered as a candidate for a MG occasion as long as there is one resource configured for measurement. This is same principle as how CSSF is derived for dual SMTC. Also, the CSSF calculated would be same for Case 1 and Case 2, so there is no degradation in measurement delay.

Observation 2: UE supporting Case 1 should also be able to support Case 2, provided that UE can determine the presence of each CSI-RS resource in each window occasion. 
Based on above analysis, we suggest 

Proposal 2: Support the case where different CSI-RS resources in the same MO fall in different 5ms windows.
Whether and how to update the applicability condition in the spec can be discussed once there is a common understanding among companies.
Another issue discussed in RAN4#98-e is how to determine the offset of the 5ms window.

	· Starting point of 5ms L CSI-RS window is to be specified in R16 with details FFS

· Option 1: Define the starting point of the 5ms window as the slot boundary of the first configured L3 CSI-RS resource is located.

· Option 2: Define the starting point of the 5ms window based on the resource with smallest offset which may not be the first resource.

· Other options are not precluded.


The main issue discussed was whether the window offset should be determined based on 

· Alt1: configuration, or 

· Alt2: the set of resources UE is actually measuring
In our view, the measurement window should be determined based on the configuration (i.e. Alt1), and in this way, there would be a common understanding between NW and UE. With Alt2, the window may be changing dynamically and this effectively compromises the motivation to introduce the 5ms measurement window, i.e. the window can be sliding and the actually transmitted resources can be distributed in a time period larger than 5ms. 

On the other hand, we can understand the point of Alt2. The slot and symbol location in the CSI-RS configuration is w.r.t. each neighbour cell timing, so before UE detects the associated SSB, UE cannot really determine the location of a resource w.r.t. the reference timing, and it cannot determine which resource is earliest. 
To enable UE to determine the window offset based on configuration, cells on the same MO needs to be synchronized at SFN level. This may impose restrictions on the NW side, so more discussions are needed. 
Proposal 3: RAN4 to further discuss the following options for defining CSI-RS measurement window.
· Based on configured CSI-RS resources, which requires SFN level sync from NW
· Based on measured CSI-RS resources, which leads to the sliding window

3. Conclusions

This contribution provides the analysis on UL scheduling restriction for CSI-RS intra-frequency measurements and CSI-RS measurement window. The following proposals are proposed:
Proposal 1: as there are some possible understanding of uplink scheduling restriction, there are two options of defining uplink scheduling restrictions in TDD band in FR1:

- Option 1: If we regard the guard period before UL symbols as the scheduling restriction, the uplink scheduling restriction is: CSI-RS resource symbols to be measured, and 1 OFDM symbol (for 15kHz/30kHz SCS) or 2 OFDM symbols (for 60kHz) before CSI-RS resource symbols to be measured, and 1 OFDM symbol after CSI-RS resource symbols to be measured.
- Option 2: without considering GP, the uplink scheduling restriction is: CSI-RS resource symbols to be measured, and 1 OFDM symbol before and after CSI-RS resource symbols to be measured.
Proposal 2: Support the case where different CSI-RS resources in the same MO fall in different 5ms windows.
Proposal 3: RAN4 to further discuss the following options for defining CSI-RS measurement window.
· Based on configured CSI-RS resources, which requires SFN level sync from NW

· Based on measured CSI-RS resources, which leads to the sliding window
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