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Introduction
In this contribution, we address remaining issues on mobility measurements.
[bookmark: _Ref178064866]Discussion
Introduction of E-UTRA RS-SINR
The inter-RAT measurement capabilities E-UTRA RSRP and E-UTRA RSRQ have been included in [1]. Here, we propose to add one additional measurement capabilities related to E-UTRA to [1]. 
In [2], the measurement capability RS-SINR is included. RS-SINR is used to estimate the RS quality in the measurement target. The corresponding measurements SS-SINR and CSI-SINR have been included in NR. 
As RS-SINR is already supported for connected mode mobility within LTE, we propose to add that measurement capability also in NR:
[bookmark: _Toc503533218][bookmark: _Ref505682534][bookmark: _Toc506574168]Include the measurement capability E-UTRA RS-SINR, applicable to RRC_CONNECTED inter-RAT, in 38.215. 
A text proposal is given in the appendix.
Default SS-RSSI measurement resource
To finalize the definition of the SS-RSRQ measurement, the measurement resources for SS-RSSI needs to be defined. Here, we should remember that the purpose of SS-RSRQ is to provide a measurement which provides an indication of both the signal strength and the load. The load is represented by the SS-RSSI measurement. Hence, SS-RSSI should be measured in REs where the NW may schedule PDCCH/PDSCH, meaning that we should avoid REs where other signals are transmitted, in particular REs with the SS block. Also, since the measurement is performed on neighbor cells, it should be easy for the UE to find them. Furthermore, there should also be a sufficient number of these REs, so that the measurement accuracy is good enough.
Essentially, there are four options proposed [4]:
· Alt 1: A subset of OFDM symbol of the slots that contain detected SSB.
· Alt 2: A set of OFDM symbols relative to the detected SSB
· Alt 3: All symbols within the SMTC window (RAN4 recommendation)
· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB 

Alternative 1 has the advantage that the UE would measure on REs containing PDCCH. PDCCH reflects the load in the system, unless the load is dominated by very small packets. The measurement is not performed on REs where there may be UL traffic, and the measurement is not performed on SS blocks, which do not reflect load. The main disadvantage with alternative 1 is that it requires the UE to find the slot boundary, which may be unnecessary in Idle mode. Note that the UE would have to detect the SS/PBCH block number to report measurements of SS-RSRP in connected mode, so for connected mode, finding the slot boundary will not lead to increased complexity for connected mode measurements. 
 
Alternative 2 has the advantage that the UE is not required to find the slot boundary. Also, the measurement can be made quite short, which will reduce the UE power consumption. On the other hand, it is not clear what is transmitted in symbols relative to any detected SSB: it can be another SSB, it can be UL, it can be PDCCH or PDSCH. This makes it difficult to interpret the measurement. However, since the measurement is short, there is a fair chance that the measured REs do not contain UL. It is possible to measure on symbols which do not contain SSBs.
Alternative 3 has the advantage that the UE would not have to find the slot boundary. Since the measurement is long, there is a significant amount of averaging involved, which may lead to improved accuracy. On the other hand, the measurement can be quite long: the SMTC window may be 5ms, and the UE would have to perform measurements over all REs in this period. Also, there is still no guarantee what signals are measured: SSBs, UL, PDCCH, PDSCH.
In our understanding, alternative 4 is similar to alternative 2, and has the same advantages and disadvantages. It also appears that the UE would have to find the slot boundary to be able to exclude the slots without SSBs.
[bookmark: _Toc498690077][bookmark: _Toc503440577]Comparing the alternatives, we prefer alternative 1. The UE is anyway required to find the slot boundaries in connected mode, so the complexity would be manageable. The PDCCH load reflects the PDSCH load: one PDCCH corresponds to one PDSCH, and the PDSCH transmissions which dominate the load are transmissions which fill up the transmission resource. Hence, 
[bookmark: _Toc506574169]The default RSSI time-domain resource consists of a subset of the OFDM symbols of the slots that contain detected SSB.
We note that the first 2 OFDM symbols in every slot is always reserved for PDCCH. Hence, using the first two OFDM symbols in several consecutive slots can be considered to improve measurement accuracy.
As a second option, we could consider also alternative 2, provided that the measurement symbols can be chosen to achieve sufficient accuracy.
Measurement bandwidth for CSI-RS for mobility
In [4], proposals on CSI-RS measurement bandwidths were summarized. In general, maintaining adequate flexibility in the mobility measurements on CSI-RS for mobility is crucial. At the same time, the UE complexity and power consumption should be minimized.
When considering measurement bandwidth, there are two natural limitations that should be considered:
· The maximum DL BW of the UE
· The BW of the active DL BWP
In general, accuracy requirements for RRM measurements are handled by RAN4. We don’t see any reasons to deviate from this principle here. Hence, we propose
[bookmark: _Toc506574170]Measurement bandwidths and the related accuracies are handled by RAN4.
Rate matching around SSBs
When specific Rx beamforming is applied during measurement of SSB, UE may not be able to receive data mapped in the same OFDM symbol as SSB. This has been discussed in previous RAN1 meetings, and the most recent discussion in RAN1 AdHoc1801 is summarized in [4]. Proposals were made to either additionally define or clarify UE behaviours regarding rate-matching around SSBs. 
Essentially, there were two proposals:
· Rate match around the REs containing SSBs
· Rate match around the OFDM symbols where SSBs are transmitted 
First of all, we note that 
· For UEs with digital receivers, there is no issue: the UE should rate-match around the REs.
· The NW may always choose not to schedule the UE in slots where SSBs are transmitted. 
From these two bullets, it is clear that the discussion is about optimizing performance for a certain type of receivers, i.e., first generation receivers:
[bookmark: _Toc506574130]At best, a different rate-matching pattern would optimize the performance for first-generation receivers.  
Still, if the benefits are large enough, such an optimization could be relevant. To understand the potential gain of such an optimization, consider two slots with SSB patterns as shown in Figure 1.
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[bookmark: _Ref506387055]Figure 1: Two consecutive slots with SSBs at 120kHz SCS.
If the UE assume that the PDSCH is rate-matched around the REs where the SSB is mapped, PDSCH data will be transmitted FDMed with the SSB when the UE is scheduled. Thus, the PDSCH can potentially be transmitted in a rather wide bandwidth. For example, for 120kHz SCS, the SSB BW is around 40MHz, whereas the carrier BW can be up to 400MHz. Assuming that 2 OFDM symbols are reserved for PDCCH, a full DL slot contains 39600 REs. If the REs where the 2 SSBs are transmitted are removed, then 37296 REs remain. If all REs in the OFDM symbols with SSBs are removed, then only 13200 REs remain. This is depicted in Figure 2.
 
[bookmark: _Ref506447368]Figure 2: The maximum number of REs available for PDSCH data. Note that other overhead caused by, e.g., DM-RS is not considered.
Figure 2 gives an upper bound of the gains we could expect from an optimized rate-matching pattern. However, there are additional complications with using only the OFDM symbols where the SSBs are transmitted: the DM-RS transmission patterns.
To demodulate the PDSCH, the UE would have to perform channel estimation using DM-RS. Clearly, the UE would then have to receive the OFDM symbols where the DM-RS is transmitted. Note that the patterns are configured via RRC and are hence applicable to all slots. There is hence no possibility to have a special DM-RS pattern in SSB slots.
The DM-RS patterns relevant for slot-based PDSCH transmission are depicted in Figure 3.
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[bookmark: _Ref506397980]  Figure 3: 2-symbol DM-RS patterns.
When we compare Figure 1 and Figure 3, we see that there is a significant overlap with the SSB positions:
[bookmark: _Toc506574131]There is a significant overlap between the SSB position(s) and the possible DM-RS positions.
In fact, if the UE excludes the OFDM symbols where SSB is transmitted, some of the DM-RS symbols will always be lost, leading to a significant degradation in channel estimation performance.  Thus, the potential gains depicted in Figure 2 are clearly optimistic.
The suggestion that the UE should rate-match around the OFDM symbols assumes that the UE would be incapable in receiving data transmitted FDMed with the SSBs, due to limitations in how the Rx beam would be adjusted. We realize that the quality of the received data will depend on how the UE Rx beam is adjusted, but in many cases, it would provide a significant increase in the data rate in the SSB slots. This would be true in particular if the UE would assume that the PDSCH DM-RS (and data) would be QCL with the FDMed SSB.
[bookmark: _Toc506574132]Utilizing the REs that are FDMed with the SSBs would lead to a significant increase in data rate even when the UE Rx beam is non-optimized for data reception.
Based on this discussion, we propose:
[bookmark: _Toc506574171]By default, the UE should perform rate-matching around the REs where the SSB is transmitted.
[bookmark: _GoBack]The previous argument discusses the default case, where the focus lies on forward-compatibility: we should not introduce limitations in the standard that will limit the performance when new hardware becomes available. Still, there are cases where the NW believes it is futile to transmit data which is FDM with the SSB. It may even be so that the gNB itself is incapable of transmitting data which is FDM with the SSB. In such a case, it may be advantageous to be able to apply rate-matching around the whole OFDM symbol. As long as this is a configuration option, it is acceptable. Hence, we propose
[bookmark: _Toc506574172]Introduce an RRC parameter which states if the UE should rate-match around the SSB resource elements or the SSB OFDM symbols.
C-DRX and CSI-RS for L3 mobility
In RAN1 #90, it was discussed whether the UE may assume that the CSI-RS resources configured for L3 mobility are present outside the active time. In RAN1 #91, the following two alternatives were identified:
· Alt 1: UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.
· Alt 2: Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
RAN1 has already agreed that the UE is not required to perform measurements outside the active time. For us, it is unclear what the UEs would use the CSI-RS resources for L3 mobility for outside the active periods. The UEs would anyway have to wake up during the active periods to monitor the PDCCH occasions. Then it would be very efficient to perform the measurements on CSI-RS for L3 mobility during this period as well. There does not seem to be any motivation to also perform these measurements outside the active periods. Since the UE will not use the CSI-RS resources, we propose
[bookmark: _Toc506574173]Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
Parameter values for CSI-RS for L3 mobility
CSI-RS for L3 mobility is configured by a separate set of parameters. Most of the value ranges for these parameters have been agreed. However, the value range for the parameter resourceElementMappingPattern is still FFS, as shown in the extract from 38.331:
Extract from 38.331, section 6.2.3:
CSI-RS-Resource-Mobility ::=				SEQUENCE {
	csi-rs-ResourceId-RRM					CSI-RS-ResourceId-RRM,
	-- FFS_CHECK whether the following fields are supposed to be per resource (here) or in the resource config (above)
	-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
	slotConfig								CHOICE {
		ms5										INTEGER (0..79),
		ms10									INTEGER (0..159),
		ms20									INTEGER (0..319),
		ms40									INTEGER (0..639)
	},
	-- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
	-- quasi-colocation of this SSB with this CSI-RS reosurce. 
	-- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
	-- FFS: What does the UE do if it there is no such SSB-Index?
	associatedSSB							SEQUENCE {
		-- FFS_Value: Check the value range
		ssb-Index								SSB-Index,
		-- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
		-- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
		isQuasiColocated						BOOLEAN
	}					OPTIONAL,

	-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	resourceElementMappingPattern			ENUMERATED {ffsTypeAndValue},
	-- Sequence generation parameter for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	sequenceGenerationConfig				INTEGER (0..1023),
	...
}

Throughout the discussion of CSI-RS for L3 mobility, it has been assumed that properties from the CSI-RS for beam management and CSI acquisition would be reused when applicable. In the definition of the NZP-CSI-RS-Resource (for beam management and CSI acquisition), the resource element mapping is described by the two parameters frequencyDomainAllocation and firstOFDMSymbolInTimeDomain, as shown in the extract below:
 Extract from 38.331, section 6.3.2:
	-- Frequency domain allocation within a physical resource block in accordance with 38.211, section 7.4.1.5.3 including table 7.4.1.5.2-1.
[bookmark: _Hlk506566936]	-- The number of bits that may be set to one depend on the chosen row in that table. 	
frequencyDomainAllocation			CHOICE {
		row1								BIT STRING (SIZE (4)),
		row2								BIT STRING (SIZE (12)),
		row3								BIT STRING (SIZE (6)),
		row4								BIT STRING (SIZE (3)),
		row5								BIT STRING (SIZE (6)),
		row7								BIT STRING (SIZE (6)),
		row8								BIT STRING (SIZE (6)),
		row9								BIT STRING (SIZE (6)),
		row10								BIT STRING (SIZE (6)),
		row11								BIT STRING (SIZE (6)),
		row12								BIT STRING (SIZE (6)),
		row13								BIT STRING (SIZE (6)),
		row14								BIT STRING (SIZE (6)),
		row15								BIT STRING (SIZE (6)),
		row16								BIT STRING (SIZE (6)),
		row17								BIT STRING (SIZE (6)),
		row18								BIT STRING (SIZE (6)),
		row19								BIT STRING (SIZE (6))
	},
	-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
	-- Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
	firstOFDMSymbolInTimeDomain			INTEGER (0..13)

The values of the parameter frequencyDomainAllocation refer to rows in table 7.4.1.5.2-1 in 38.211. This table describes the frequency domain allocation for different CSI-RS configurations. Out of these 19 CSI-RS configurations, only rows 1 and 2 correspond to single-port CSI-RS configurations, which would be applicable to CSI-RS for mobility. We also note that there is a dependence between the density (specified on cell level) and the frequency domain allocation: for density=3, only row 1 is applicable.
The values of the parameter firstOFDMSymbolInTimeDomain simply states which is the starting symbol of the CSI-RS resource. This is applicable without modification to CSI-RS for L3 mobility. 
Summarizing, we propose
[bookmark: _Toc506574174]Remove the parameter resourceElementMappingPattern from the definition of CSI-RS for L3 mobility.
[bookmark: _Toc506574175]Add the parameter frequencyDomainAllocation with value range {row1,row2} to the definition of CSI-RS for L3 mobility. 
[bookmark: _Toc506574176]Add the parameter firstOFDMSymbolInTimeDomain with value range (0..13) to the definition of CSI-RS for L3 mobility. 
Conclusions
In this contribution, we made the following observations:
Observation 1	At best, a different rate-matching pattern would optimize the performance for first-generation receivers.
Observation 2	There is a significant overlap between the SSB position(s) and the possible DM-RS positions.
Observation 3	Utilizing the REs that are FDMed with the SSBs would lead to a significant increase in data rate even when the UE Rx beam is non-optimized for data reception.

We make the following proposals:
Proposal 1	Include the measurement capability E-UTRA RS-SINR, applicable to RRC_CONNECTED inter-RAT, in 38.215.
Proposal 2	The default RSSI time-domain resource consists of a subset of the OFDM symbols of the slots that contain detected SSB.
Proposal 3	Measurement bandwidths and the related accuracies are handled by RAN4.
Proposal 4	By default, the UE should perform rate-matching around the REs where the SSB is transmitted.
Proposal 5	Introduce an RRC parameter which states if the UE should rate-match around the SSB resource elements or the SSB OFDM symbols.
Proposal 6	Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
Proposal 7	Remove the parameter resourceElementMappingPattern from the definition of CSI-RS for L3 mobility.
Proposal 8	Add the parameter frequencyDomainAllocation with value range {row1,row2} to the definition of CSI-RS for L3 mobility.
Proposal 9	Add the parameter firstOFDMSymbolInTimeDomain with value range (0..13) to the definition of CSI-RS for L3 mobility.
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Appendix: Text proposals
Text proposal related to Proposal 1
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
[bookmark: _Toc492373185][bookmark: _Toc500871203]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]	3GPP TS 38.201: "NR; Physical Layer – General Description"
[3]	3GPP TS 38.211: "NR; Physical channels and modulation"
[4]	3GPP TS 38.212: "NR; Multiplexing and channel coding"
[5]	3GPP TS 38.213: "NR; Physical layer procedures for control channels"
[6]	3GPP TS 38.214: "NR; Physical layer procedures for data channels"
[7]	3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"
[8]	3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification"
[9]	3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception"
[10]	3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification"
[11]	IEEE 802.11, Part 11: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications, IEEE Std."
[12]	3GPP TS 38.133: "NR; Requirements for support of radio resource management"
[13]	3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>
>>>>>>>>>>>> Start text proposal 2 >>>>>>>>>>>>
5.1.17 E-UTRA RS-SINR
	Definition
	E-UTRA reference signal-signal to noise and interference ratio (E-UTRA RS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth. 
For E-UTRA RS-SINR determination, the E-UTRA cell-specific reference signals R0 according TS 36.211 [13] shall be used. 
The reference point for the E-UTRA RS-SINR shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding E-UTRA RS-SINR of any of the individual diversity branches. 
If higher-layer signalling indicates certain subframes for performing E-UTRA RS-SINR measurements, then E-UTRA RS-SINR is measured in the indicated subframes.

	Applicable for
	RRC_CONNECTED inter-RAT



>>>>>>>>>>>> End text proposal 2 >>>>>>>>>>>>
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