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1. Introduction
This contribution discusses several remaining issues regarding the RRM measurements based on SS/PBCH blocks and CSI-RS for L3 mobility.
2. UE Rx Beams for RRM Measurements
In RAN1 NR_AH#3, the following was agreed:
	Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded


It was agreed that it’s up to the UE implementation to select a set of Rx beams for the RRM measurements on a carrier. It was understood in the discussion that all beams in a selected set of Rx beams should have similar maximum Rx beamforming gain, in order to provide consistent RRM measurements.
Proposal 1: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
Given that it is up to the UE implementation to select the set of Rx beams for a carrier frequency, it is reasonable to expect that the UE sweeps those Rx beams during RRM measurements. Since it is also expected that the UE would use the best of those Rx beams during subsequent communication, it is reasonable that the UE reports the measurement corresponding to that Rx beam, i.e. Alt.2. Note that the reporting refers to L1 reporting to higher layers for beam consolidation/selection and cell- and beam-level L3 filtering.
Proposal 2: Measurement to be reported to higher layers shall be the best among measurements based on each RX beam in the selected set (Alt.2).
3. RSSI Measurement Resource
In RAN1 NR_AH#3, the following study points were listed:
	Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part
· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL
· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions
· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 
· Alt a: The resource is predefined in the spec
· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection


It should be noted that RSSI measurements targets both serving and non-serving carriers, which may use different configurations of sub-carrier spacing, common CORESET, DL/UL symbols, etc. Requiring that such detailed RSSI measurement configurations are provided for each measured carrier may result in excessive inter-gNB coordination, signalling and standardization effort. Hence, Alt 1a (Alt 1 + Alt a) and 2a (Alt 2 + Alt b) seem to be the more realistic alternatives for Rel-15. 
Alt 1a can cover a larger measurement duration, e.g. the whole SMTC, which increases the ratio of symbols likely to be used for data transmission over the SS block symbols. This advantage comes at the cost including some UL symbols in the RSSI measurement. In Alt 2a, only DL symbols are measured, which may be mostly DL symbol containing SS blocks. UL symbols are avoided, but at the cost of not measuring DL data traffic heavy symbols. Considering these aspects, we prefer to adopt Alt 1a for Rel-15, with the measurement resource being the SMTC, when defined.
Proposal 3: RSSI is measured within a predefined time resource without considering whether the resource is DL or UL or both. The time resource is the SMTC, if defined.
4. CSI-SINR Measurement
For CSI-RS based SINR measurement, the interference plus noise power can be efficiently measured on the REs used for the CSI-RS signal power measurement, using the same UE Rx beam.
Proposal 4: For CSI-RS based SINR measurement, signal, interference and noise powers are measured on the same CSI-RS REs, using the same UE Rx beam.
5. Block-wise QCL between SS block and multiple CSI-RS
SS blocks tend to use wider/lower spatial resolution beams over CSI-RS beams with higher oversampling. Hence, it is reasonable for one SS block to be (partially) QCL-associated with multiple CSI-RS resources/ports [2]. 
Proposal 5: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
6. SSS to PBCH-DMRS EPRE Ratio
In RAN1 NR_AH#3, the following was agreed:
	Agreements:
· UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied

Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw


This enables UEs to use both SSS and PBCH DMRS for the measurement of SS block RSRP. A natural candidate power offset is 0 dB. Another reasonable power offset would be 3 dB higher EPRE on SSS than on PBCH DMRS, due to roughly half the bandwidth of SSS compared to PBCH. Note that this assumes a 0 dB power offset between PBCH DMRS and PBCH data REs. The power offset between PBCH DMRS and PBCH data REs was discussed in RAN1#90 and captured in the following working assumption:
A benefit of using 3 dB power offset between SSS and DMRS would be that in scenarios with nothing else transmitted during SS blocks, both SSS and PBCH symbols could be transmitted with full power. This power boost could increase PSS/SSS coverage by 3 dB in unsynchronized and/or power-limited scenarios. However, it’s not clear how power boosting only PSS/SSS but not PBCH would translate into increased cell coverage, since both PSS/SSS and PBCH are designed targeting -6 dB post-beamforming SINR. For the reasons outlined above, and due to implementation simplicity, we propose to use 0 dB power offset between SSS and PBCH DMRS for all frequency bands. 
Proposal 6: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
7. RS(s) used to measure SS block RSRP
In RAN1#89, we agreed that SSS is used and PBCH DMRS can also be used for SS block RSRP.
	Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP
· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS


As in LTE, the actual REs used for RRM measurement should be left to UE implementation as far as possible as long as the UE meets the requirements. A similar principle should be adopted in NR. This could be clarified in the following proposal.
Proposal 7: The UE may use only SSS, only PBCH DMRS or both SSS and PBCH DMRS to measure SS block RSRP.
8. SS block Repetition
With SS burst sets, TRPs can transmit the DL signals required for initial access using different DL Tx beams, thereby exploiting beamforming gain. However, this requires TRPs to implement DL Tx beamforming in order to enjoy the gains provided by SS burst sets. 
The implementation complexity and cost of a TRP that supports beam sweeping of an area using many (e.g. 64) narrow high gain beams is typically significantly higher than of a TRP that supports beam sweeping of an area using fewer (e.g. 8) wider beams lower gain beams. The TRP supporting many narrow beams (e.g. 64) generally requires
· more antennas to support high directional gain,
· higher quality (e.g. resolution and accuracy) components such as phase shifters to support uniform angular coverage with many narrow beams,
· higher quality calibration circuitry to support beam correspondence,
· etc,
than the TRP supporting fewer wider beams.
Observation 1: The implementation complexity and cost of a TRP supporting many (e.g. 64) narrow high gain beams (with controlled beam overlap) is significantly higher than a TRP supporting only few beams.
In the discussions so far, a UE cannot assume that two different SS blocks in an SS burst set are quasi collocated and even less that they are transmitted on the same beam. Hence, during cell search, RRM measurement, etc, a UE should not perform any accumulation or averaging across SS blocks within an SS burst set, at least before the time index detection step including PBCH soft combining.
In order to allow also simpler and cheaper TRP implementations/deployments to enjoy the gains offered by SS burst sets, NR should also support SS block repetition within an SS burst set. Such implementations/deployments include multi-TRP cells employing quasi-omni SFN-like transmission of SS blocks. Supporting SS block repetition means that a UE can be informed that it can assume a level of SS block repetition on a carrier frequency or for some group of cells. The UEs could be informed of the SS block repetition level in the same way as SS burst set periodicity, i.e. it is configured per carrier frequency, or in the cell list in the measurement object.
For convenience, let’s denote the K consecutive SS blocks transmitted on the same beam “SS block group”. Figure 1 illustrates SS block repetition for a case with 8 SS blocks in an SS burst set. The same SS burst set structure can be used for coverage enhancement by beamforming or repetition or a combination thereof.

[bookmark: _Ref484856630]Figure 1: Illustration of different levels of SS block repetition in an SS burst set with 8 SS blocks. Also the simplest TRP implementation with omni beam can use the SS burst set for coverage enhancement.
Informing a UE that SS block repetition level K is used on a carrier frequency has the following benefits:
· UE can assume K repeated PSS and SSS when performing cell search, thereby improving cell detection performance and coverage.
· UE can assume K repeated PSS, SSS and PBCH when performing frequency offset estimation, thereby improving estimation accuracy.
· UE can combine (at least) K repeated PBCH, thereby improving PBCH performance (assuming PBCH combining is supported).
· UE can average K repeated SSS and PBCH-DMRS when performing SS block based RRM measurement.
· UE can perform UE Rx beam sweeping during repeated SS blocks, thereby improving UE Rx beam sweeping latency and performance, both during initial access and for SS block based beam management [1].
It is naturally possible for the network to use SS block repetition transparently, i.e. without informing the UE about it, since it is up to the network to decide which beams to use in which SS block. Unfortunately, if the UE is not informed of this, several of the benefits of SS block repetition cannot be achieved. As listed in Table 1 below, only the improved PBCH performance can be achieved with transparent SS block repetition since the UE cannot assume any repetition. 
[bookmark: _Ref489968679]Table 1 – Comparison of achieved benefits between transparent SS block repetition (UE is not informed that K SS blocks are transmitted on the same beam) and network assisted SS block repetition (UE is informed that K SS blocks are transmitted on the same beam).
	
Benefit
	Transparent 
SS block repetition
	NW assisted 
SS block repetition

	Improved PSS/SSS detection performance
	No
	Yes

	Improved frequency offset estimation
	No
	Yes

	Improved PBCH performance
	Yes
	Yes

	Improved SS block RSRP measurement accuracy and latency
	No
	Yes

	UE can sweep more Rx beams during one SS burst set
	No
	Yes


The performance gain of informing a UE when SS block repetition is used is evaluated in the appendix, where significant gains in frequency offset and RSRP estimation performance can be observed also when only repetition level K=2 is used.
Hence, we have the following proposal.
Proposal 8: At least CONNECTED mode UEs can be informed that K consecutive SS blocks in an SS burst set are quasi-collocated.
9. Conclusions
The following was proposed above: 
Proposal 1: The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
Proposal 2: Measurement to be reported to higher layers shall be the best among measurements based on each RX beam in the selected set (Alt.2).
Proposal 3: RSSI is measured within a predefined time resource without considering whether the resource is DL or UL or both. The time resource is the SMTC, if defined.
Proposal 4: For CSI-RS based SINR measurement, signal, interference and noise powers are measured on the same CSI-RS REs, using the same UE Rx beam.
Proposal 5: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
Proposal 6: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
Proposal 7: The UE may use only SSS, only PBCH DMRS or both SSS and PBCH DMRS to measure SS block RSRP.
Proposal 8: At least CONNECTED mode UEs can be informed that K consecutive SS blocks in an SS burst set are quasi-collocated.
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Appendix
Below we evaluate various benefits of informing a UE that SS block repetition K=2 is used, rather than transparently repeating two consecutive SS blocks on the same beam.
Frequency offset estimation
By exploiting the larger time difference between the first and second SS block (back-to-back) that use the same antenna port, the UE’s frequency offset estimation can be improved by several dB, as shown in Figure 2. Note that SS block repetition is used for both curves, but the UE cannot assume SS blocks repetition for frequency offset estimation if it’s not informed.
[image: ]
[bookmark: _Ref490238935]Figure 2 – Frequency offset estimation error for different UE assumption on SS block repetition.
RSRP measurement accuracy
RSRP measurement accuracy can be improved if the UE is informed that it can average across multiple SS blocks, as illustrated in Figure 3 and Figure 4. Note that SS block repetition is used for both curves, but the UE cannot assume SS blocks repetition for frequency offset estimation if it’s not informed.

[image: ]
[bookmark: _Ref490239466]Figure 3 – RSRP measurement error for different UE assumption on SS block repetition
[image: ]
[bookmark: _Ref490239473]Figure 4 - RSRP measurement error for different UE assumption on SS block repetition
Assumptions
	 Parameter
	Assumptions

	Carrier Frequency
	4GHz, 30GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	30 kHz, 120kHz

	Delay spread
	100 ns

	PBCH DMRS density
	1/4 density 

	UE speed
	3 km/h

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm 
UE: uniform distribution +/- 0.1 ppm

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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