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1. Introduction
This contribution discusses a few remaining issues regarding the RRM measurements on SS block. This includes SS block repetition and the SS burst set configuration.
2. SSS to PBCH-DMRS EPRE Ratio
In RAN1 NR_AH2, it was agreed that a fixed energy per RE (EPRE) ratio between SSS and DMRS for PBCH is specified per frequency band:
	Agreements:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band


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 main benefit of using 3 dB power offset 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. However, it’s not clear how this would translate into increased cell coverage, since both PSS/SSS and PBCH are designed targeting -6 dB post-beamforming SINR. With PSS/SSS power boosting, -6 dB post-beamforming SINR for PSS/SSS would correspond to -9 dB PBCH post-beamforming SINR, in the power-limited scenario. 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. Note that this does not preclude power boosting by using a transparent power offset between PBCH DMRS and PBCH data REs.
Proposal 1: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
3. SS block Transmit Power
The SS burst set is transmitted by the one or multiple TRP(s) of the NR cell. To allow for maximum flexibility and forward compatibility, it should be supported that one or multiple TRP(s) transmit an SS block. It should also be supported that different TRPs transmit different SS blocks in an SS burst set.
Observation 1: Different SS blocks in an SS burst set may be transmitted by different TRPs.
To allow for flexible deployments, including HetNet, and forward compatibility, NR cells with TRPs with heterogeneous transmit powers should be supported.
Proposal 2: NR cell with TRPs with heterogeneous transmit powers is supported.
Consequently, SS burst sets with SS blocks with different transmit powers should be supported.
Proposal 3: SSS transmit power can be different in different SS blocks in an SS burst set.
4. 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 time instances when RRM measurement is actually performed should be left to UE implementation as far as possible as long as the UE meets the requirements. This could be clarified in the following proposal.
Proposal 4: The UE can use only SSS, only PBCH DMRS or both SSS and PBCH DMRS to measure SS block RSRP of a cell.
5. SS block Repetition
Coverage is an essential aspect in initial access and mobility, and the main motivation behind the introduction of the SS burst set concept in NR. 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 2: 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 coverage 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. The IDLE/INACTIVE/CONNECTED 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. 
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 proposals.
Proposal 5: IDLE/INACTIVE/CONNECTED UEs can be informed that K consecutive SS blocks in an SS burst set are transmitted on the same antenna port (i.e. beam).
· The repetition level K is configured together with the SS burst set periodicity, i.e.it applies to all cells on a carrier frequency.
· UEs assume K=1 if no value has been configured, e.g. during initial cell selection.
Proposal 6: The SS-block RSRP shall be measured only among the reference signals corresponding to SS blocks with the same antenna port and the same physical-layer cell identity.
6. SS Burst Set Configuration in IDLE/INACTIVE mode
It has been agreed in RAN1#88 that indication of SS burst set periodicity per carrier frequency as well as measurement window to IDLE mode UEs is supported. We assume that this applies also to the INACTIVE state. 
Furthermore, it was also agreed that IDLE UEs potentially can be informed of the position(s) of the actually transmitted SS blocks within the SS burst sets. One such configuration could be provided per carrier frequency. Additionally, cell-specific configuration could also be provided. 
These parameters, in addition to the SS block repetition level discussed above can be included in the SS burst set configuration. The SS burst set configuration can include at least:
· SS burst set periodicity
· Time window(s) for SS detection/measurement (in relation to the timing of the cell on which the SS burst set configuration is transmitted)
· Position(s) of actually transmitted SS blocks within an SS burst set
· SS block repetition level 
LTE SIB4 and SIB5 contain configuration information related to IDLE mode intra- and inter-frequency cell reselection, respectively. Some information is configured per carrier frequency, whereas other information is configured per cell. In our view, a similar structure can be reused in NR.
Proposal 7: IDLE/INACTIVE mode UEs can be informed of an SS burst set configuration applicable to a carrier frequency in SI. The SS burst set configuration can include at least 
· SS burst set periodicity
· Time window for SS detection/measurement
· Position(s) of actually transmitted SS blocks within an SS burst set
· SS block repetition level
If an SS burst set configuration is not provided, an IDLE/INACTIVE UE will assume the following default configuration:
· SS burst set periodicity = 5 ms
· Time window for SS detection/measurement = no window
· Position(s) of actually transmitted SS blocks within an SS burst set = all (L) SS blocks are transmitted
· SS block repetition level = 1
7. SS Burst Set Configuration in CONNECTED mode
The SS burst set configuration applicable for CONNECTED mode UEs can be similar to the SS burst set configuration for IDLE/INACTIVE UEs. However, it can be provided by dedicated signalling in the measurement object, which corresponds to a carrier frequency. The measurement object can also include an SS cell list that configures cell specific SS burst set configurations that override the default configuration for the carrier frequency.
Proposal 8: CONNECTED mode UEs can be informed of an SS burst set configuration applicable to a carrier frequency in the corresponding measurement object. The measurement object can also include an SS cell list with cell specific SS burst set configurations. An SS burst set configuration can include at least 
· SS burst set periodicity
· Time window for SS detection/measurement
· Position(s) of actually transmitted SS blocks within an SS burst set
· SS block repetition level
8. Conclusions
The following was proposed above: 
Proposal 1: The ratio between the SSS EPRE and the PBCH-DMRS EPRE is 0 dB.
Observation 1: Different SS blocks in an SS burst set may be transmitted by different TRPs.
Proposal 2: NR cell with TRPs with heterogeneous transmit powers is supported.
Proposal 3: SSS transmit power can be different in different SS blocks in an SS burst set.
Proposal 4: The UE can use only SSS, only PBCH DMRS or both SSS and PBCH DMRS to measure SS block RSRP of a cell.
Proposal 5: IDLE/INACTIVE/CONNECTED UEs can be informed that K consecutive SS blocks in an SS burst set are transmitted on the same antenna port (i.e. beam).
· The repetition level K is configured together with the SS burst set periodicity, i.e.it applies to all cells on a carrier frequency.
· UEs assume K=1 if no value has been configured, e.g. during initial cell selection.
Proposal 6: The SS-block RSRP shall be measured only among the reference signals corresponding to SS blocks with the same antenna port and the same physical-layer cell identity.
Proposal 7: IDLE/INACTIVE mode UEs can be informed of an SS burst set configuration applicable to a carrier frequency in SI. The SS burst set configuration can include at least 
· SS burst set periodicity
· Time window for SS detection/measurement
· Position(s) of actually transmitted SS blocks within an SS burst set
· SS block repetition level
Proposal 8: CONNECTED mode UEs can be informed of an SS burst set configuration applicable to a carrier frequency in the corresponding measurement object. The measurement object can also include an SS cell list with cell specific SS burst set configurations. An SS burst set configuration can include at least 
· SS burst set periodicity
· Time window for SS detection/measurement
· Position(s) of actually transmitted SS blocks within an SS burst set
· SS block repetition level
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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
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[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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