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[bookmark: _Toc464256869]Introduction
The issue related to SS-RSSI measurement time resource has been discussed for several meetings. In RAN1 #90bis meeting[1], it has been agreed that a default RSSI time-domain measurement resource will be supported and a set of RSSI time-domain measurement resource can be explicitly configured as well.

Agreements:
Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs
· FFS details
A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.
· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED
· FFS the applicability for IDLE mode inter-frequency measurement
· FFS details
Furthermore, details for the configured SS-RSSI measurement time resource have been agreed in RAN1#91 meeting[2] and RAN1#AH1801 meeting[3].
Agreements:
When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode:
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration
· Here, the slots are determined based on the SSB numerology
· OFDM symbol level configuration for the configured slots: 
· Configurable with a limited set of ending symbols; the set of symbols in a slot is from symbol 0 to the ending symbol
· No more than 4 values for the end symbol 
Agreements:
If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured from OFDM symbols of the indication slots, and the OFDM symbol are indicated by Table 5.1.3-1.
Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication
SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}



For the default SS-RSSI measurement time resource, RAN4 has discussed the definition of quality based measurement for NR and following is RAN4’s recommendation for the by-default RSSI evaluation period design if UE doesn’t get indication of RSSI estimation period from network:
· RSSI in SSB based RSRQ
RSSI comprises the linear average of the total received power (in [W]) observed over time duration TRSSI, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The time duration, TRSSI, is defined as follows:
TRSSI=  Configured SMTC measurement window (if gap is not used)
TRSSI=  Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used)
However, different companies still have different views. A number of alternatives and options are discussed and listed as below.
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· For TDD
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· Down-select from the following alternatives:
· Alt 1: a subset of OFDM symbol of the slots that contain detected SSB.
· The subset of OFDM symbols are: 
· Option 1) first 12 OFDM symbols
· Option 2) first 5 OFDM symbol in the half slot that SSB was detected
· Option 3) all OFDM symbols before a detected SSB in each half slot that contains the detected SSB
· Option 4) 2 OFDM symbols
· Option 5) First 1 OFDM symbol  for Case A & B, first 2 symbol for Case C & D, first 4 symbol for Case E (case A,B,C,D,E are SS/PBCH patterns for different bands)
· Option 6) All symbols excluding the OFDM symbol corresponding to the detected SSB
· Alt 2: a set of OFDM symbols relative to the detected SSB
· Alt 3:  RAN4 recommendation
· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB 

The main difference among these alternatives is that whether all of the symbols (both UL symbols and DL symbols) within RAN4’s recommendation can be used to calculate SS-RSSI. And another problem is how to choose symbols to guarantee that the resources used for SS-RSSI measurement are DL symbols only. In this contribution, we will discuss some remaining issues on SS-RSSI measurement time resource and gives some modification proposals for the specification.  

Discussion
Firstly, besides agreements on RRM measurement, discussions and agreements on slot format from control section shall be considered for this issue. In addition to UL resources and DL resources, flexible resources have been defined in NR (e.g. flexible symbols and flexible slots) and can be configured/scheduled for DL/UL transmissions. 
For the SS-RSSI measurement time resource, companies are trying to find a good solution to exclude UL resources into SS-RSSI measurements. Taking into account the flexible resources, unfortunately, SS blocks can be transmitted within the flexible resources and the symbols before SS blocks, behind SS blocks and between SS blocks can also be flexible resources which can be configured/scheduled for UL transmission, e.g. , for UL data transmission, SRS and CSI report. Thus, all of the available solutions cannot guarantee that the chosen slots/symbols are DL resources only.
For example, when a UE gets a set of configured resource to calculate SS-RSSI, the UE can determine the slot level indication by a bitmap and the symbol level indication by 2 bits. Since 2 bits provide 4 options, the UE can only obtain a symbol level indication among the first 2/6/8/12 symbols, and these symbols may be scheduled for UL data transmission, as shown in Fig.1.


Fig.1. An example of configured resources to calculate SS-RSSI

Similar problems can be found within the listed solutions above for default SS-RSSI measurement time resource. Most of the solutions consider first N symbols within a slot to be the default resource and different companies may prefer different values for N. However, these first N symbols can be flexible symbols and can also be used for UL transmission, as shown in Fig.2.


Fig.2. An example of default resources to calculate SS-RSSI
Based on the discussion above, it is clear that all of the current solutions for SS-RSSI measurement time resource cannot guarantee that the used resources for measurements are DL only. To solve this problem, some additional rules shall be made to refine the SS-RSSI measurement time resource. Actually, UE is able to know that some resources within the default SS-RSSI measurement resource and the configured SS-RSSI measurement resource are configured/scheduled as UL symbols, e.g. by semi-static DL/UL assignment, dynamic SFI indication, UL scheduling information, pre-configured UL resources and other overwriting rules defined by control section[4]. Therefore, UE shall use the default/configured SS-RSSI measurement resources, excluding the resources which are known as UL and it shall be captured in specification 38.215.
Proposal 1: UE shall use the default/configured SS-RSSI measurement resources, excluding the resources which are known as UL.

Text proposal
Text proposal for TS 38.215
Based on the above discussion, following text proposal is proposed to capture the proposals

/******************** Start of Text Proposal for Section 5.1.3 of TS 38.215*********************/
[bookmark: _Hlk498433213]5.1.3  SS reference signal received quality (SS-RSRQ)
	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured from OFDM symbols of the indicated slots and the OFDM symbol are given by Table5.1.3-1, excluding the symbols which are known as UL symbols.

Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication
SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}



If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


 
/******************** End of Text Proposal for Section 5.1.3  of TS 38.215*********************/
Conclusion
In this contribution, we give our considerations on RRM measurement. Based on the discussions, the following proposals are drawn. Corresponding text proposals can be found in the above sections.

Proposal 1: UE shall use the default/configured SS-RSSI measurement resources, excluding the resources which are known as UL.
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