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1. Introduction

The remaining issues of CSI-RS measurements core part are captured in [1]. Two open issues are still remained: one is the UL scheduling restriction and the other is CSI-RS measurement window. This contribution provides analysis on these two 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 is captured in [1] shown as below.
	UL scheduling restriction for CSI-RS intra-frequency measurements

· TDD

· Introduce a scheduling restriction for TDD band when UE performs CSI-RS intra-frequency measurements in a 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 on data OFDM symbols fully or partially overlapped by CSI-RS resource symbols to be measured, where the serving cell is taken as the symbol level timing reference. 

· FFS whether the scheduling restrictions apply for all scenarios when UE performs CSI-RS measurements


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 symbols are so called uplink scheduling restriction.
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Figure 1.
Figure 1 provides two cases. The CSI-RS resource is transmitted on a symbol with green highlight in intra-frequency neighbor cell. Accordingly uplink transmission in serving cell is triggered by DCI0_0. There is TDD cell phase synchronization accuracy between serving cell and neighbor cell which is less than 3us.
In TDD, the guard period (GP) shall cover TA, D-U transition time and TA offset. For 15kHz or 30kHz SCS, one symbol can be used for GP. In Figure 1 the symbol notated as “F” can be configured as a GP. In last meeting, companies focus on time advance between DL and UL. Taking 30kHz SCS as an example, F symbol length is 35.7us. D-U transition time and TA offset is 13us separately. The remaining part after minus time difference between serving cell and neighbor cell (3us), and 2*13us is 6.7us. Maximum TA can reach to 6.7us which can support about 1km cell radius. Thus 1 OFDM symbol before to-be-measured CSI-RS resource is sufficient for 15kHz and 30kHz. According to the same logic, for 60kHz data SCS, 2 OFDM symbols shall be reserved for GP. We believe network can figure the proper “F” symbol(s) in practical deployment.
Based on the above analysis, there are two options of defining the scheduling restriction on uplink: 
Option 1: If we regard the guard period before UL symbols as the scheduling restriction, since the uplink is not required to transmit in GP, then 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: Since UE doesn’t transmit during GP naturally, this is not caused by DL CSI-RS mobility measurement. From this point of view, the UL scheduling restriction due to CSI-RS L3 measurement can only consider the time difference between serving cell and neighbor cell. Then 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 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.
2.2. Details in CSI-RS measurement window

In RAN4#97-e, it is agreed [WF R4-2017223] that 

	Time domain restriction for CSI-RS resource configuration
· The CSI-RS measurement requirements apply provided that CSI-RS resources per frequency layers are always configured within 5 ms window

· TBD: can it be assumed that all CSI-RS resources in the same MO have the same periodicity and offset?

· Option 1: all CSI-RS resources in the same MO have the same periodicity and offset

· Option 2: CSI-RS resources in the same MO can have different periodicities and/or offset


Based on the first bullet, UE would only measure CSI-RS resources in a window that occurs periodically with <= 5ms duration. However, there were different understanding among companies on whether all CSI-RS resources in an MO have to be configured with same offset. For periodicity, it was already agreed in RAN4#96-e that there is a single resource periodicity per MO. 

If the resources are with “same offset”, it means they are confined in the same 5ms window occasion. If they are with different offsets, the resources fall in different window occasions. To better explain, Figure 1 shows two cases, 
· Case 1: two CSI-RS resources have same offset 
· Case 2: two CSI-RS resources have different offsets 
In Case 1, the resource periodicity is same as the window periodicity and the two resources are falling in the same occasion of the window; In Case 2, the resource periodicity is larger than the window periodicity and the two resources are falling in two different occasions of the window.
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Figure 1: Illustration of different cases for CSI-RS resources in periodically occurring windows

In our view, both cases should be 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. Instead, NW may configure a larger resource periodicity and distribute resources to multiple 5ms windows.

· 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. 
Proposal2: Support CSI-RS resources in the same MO with different offsets, i.e. different CSI-RS resources may fall in different 5ms window occasions.
One way to clarify the support of both cases is to define the applicability condition as
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 are time offsets (in millisecond) of CSI-RS resource i and j respectively with respect to the serving cell timing. 10ms is the window periodicity and 5ms is the maximum window duration.
It is noted that in Case 1 the window periodicity and resource periodicity are same while in Case 2 they are different. The window periodicity can be fixed as 10ms to accommodate Case 2. For Case 1 and when the CSI-RS resources periodicity is 20ms or 40ms, the UE can still assume the window periodicity as 10ms and determines that no resource to be measured for some of the window instances. 
Of course, whether and how to update the applicability condition in the spec can be discussed once there is a common understanding among companies on which configuration scenarios are supported.
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.
Proposal2: Support CSI-RS resources in the same MO with different offsets, i.e. different CSI-RS resources may fall in different 5ms window occasions.
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