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Introduction
In RAN1#NR-AH2, the following decision was made on the measurement based on SS blocks:
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

This tdoc presents our views on the following remaining issues of SS block based measurement. 
· The fixed power offset value
· Configuration for the Beam/SS-block Index reporting
· SS block measurement set configuration
· Necessity and definition of RSRQ/SINR measurement
1 
2 
Fixed Power Offset Value
In RAN1#NR-AH2, the following agreement was made:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band

One candidate choice is 0 dB fixed EPRE power ratio. This is implying that the total power used for SSS could be more than 3.5 dB (=log2(288/127)) less than PBCH, as the total number of subcarriers used for SSS is 127, but that used for PBCH is 288. In our previous evaluation results on SS sequences [1], it was found that given this shorter sequence length of 127, the single-shot cell detection performance in single-cell scenarios without power boosting suffers from about 6 dB loss as compared to the case with power boosting to fully utilize the SS block BW (which corresponds to the PBCH BW). Hence, an EPRE power offset value of 3.5dB will be preferred over 0 dB, to ensure good cell ID detection performance from the SSS. 

Proposal 1: The EPRE power ratio shall be 3.5dB for all the carrier frequency ranges. 
Configuration for the Beam/SS-block Index Reporting
In RAN1#NR-AH2, the following agreements were made:
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

According to the working assumption, 3-bit SS block index is carried by DMRS sequence, and the rest of the SS block index is carried by PBCH explicit bits. One motivation of using the partial SS block index using the DMRS sequence is to allow such that UE does not need to decode the PBCH for mobility measurements at least when the total number of actually transmitted SS blocks is less than 8. 
This condition is automatically satisfied for the sub6GHz carrier frequencies, and hence for sub6GHz, UE shall derive the full SS block index (up to 8 different values) by detecting the PBCH DMRS only. On the other hand, for over6GHz carrier frequencies, it would be up to the network to determine the number of SS blocks for a given carrier frequency. If the maximum number of SS blocks in a given carrier frequency do not exceed 8, then it would be desirable for UE to know this information so that the UE does not need to decode the PBCH to figure out the SS block index. If the maximum number of SS blocks does exceed 8, in asynchronous network it seems that UE has to read the PBCH to derive the SS block index. To facilitate this operation, it is necessary that the PBCH DMRS carries the up to 3 LSBs of the SS block index, and the rest of the bits are carried by the explicit PBCH payload. 

Proposal 2: log2(L)-bit SS block indices are used as beam indices for the mobility reporting purpose, where L is the agreed number of maximum number of SS blocks per frequency band. 
· The 3 LSBs of the SS block index is coded by the PBCH DMRS sequence index.
· The remaining MSBs of the SS block index is coded by the explicit PBCH payload. 

Proposal 3: The network can configure a system-wide maximum number M, of SS blocks for each carrier frequency > 6GHz. 
· M can be less than the band-specific maximum number L. 
· The first M SS blocks in each SS burst set can be used by the network for SS block transmissions on the carrier frequency. UE may assume that the remaining (L-M) SS block locations are not used for SS block transmissions by any cells in the carrier frequency.
· Note: When M is less than or equal to 8, the UE is not required to read the PBCH to measure SS-RSRP. 
RSRQ Measurement
In the legacy LTE, RSRQ is defined as a ratio of RSRP to RSSI. RSSI corresponds to the total power measured on a set of REs, which will include all the signal components, including the serving cell’s signals, interference, and noise. The quantity RSSI corresponds to the load of the frequency carrier. The larger RSSI, the frequency carrier is loaded more heavily. In particular, there are cases where RSRP values are similar between two different frequency carriers when the frequency distance is small, but RSSI values are different owing to different loading conditions. In such a case, it could be said that the larger RSRQ, the frequency carrier is loaded less. Hence, when RSRQ is reported, the network can trigger inter-frequency handover for some UEs in order to balance the load among frequency carriers. For the RSSI measurement, either CRS OFDM symbols or a designated set of OFDM symbols were used; it seems that these resources can represent the load condition of the frequency well. 
For NR, a similar measurement quantity seems to be necessary for UE to provide the network necessary information for the inter-frequency handover. According to the NR decisions, RSRP can be measured using either SS block or CSI-RS, but no discussion has taken place regarding the resources to be used for the RSSI measurement. In addition, for over6GHz when Rx beamforming is applied at the UE, care should be taken to define the RSRQ, as the RSRQ values will differ depending on whether the same Rx beam or different Rx beams are used for the RSRP and RSSI measurement. Extending the definition of the RSRQ for the multi-beam case, it seems reasonable to measure both RSRP and RSSI using the same Rx beam, so that the network can understand the frequency loading seen by the UE when a specific beam used for deriving the RSRP is used as a serving beam. To facilitate this, UE shall assume that an SS block and a corresponding RSSI measurement resource (RMR) is QCL’ed in spatial parameters. 
To provide RMR(s) so that RSRQs can be derived with SS blocks, two alternative approaches can be considered. In one approach, one RMR is provided per SS block; and in another approach, one RMR is provided for the SS burst set of a cell. In the first approach, UE derives N number of RSRQ values that correspond to the N number of RSRPs to be reported, by measuring RSSIs on the N RMRs corresponding to the N SS blocks whose RSRP is greater than the configured threshold. Then the cell-specific RSRQ can be derived by taking an average of the beam-specific RSRQ values. In the second approach, UE is provided with a single RMR, so that the UE derives a single RSRQ value that corresponds to a single selected SS block. Between these two approaches, the first approach is preferred as it is more aligned with the cell-specific RSRP definition. 
The first approach necessitates that an RMR is configured for each SS block as potentially different Rx beams are used for receiving different SS blocks. Always-on signals may be considered as good candidates for RMR, e.g., SS block OFDM symbols, PDCCH DMRS for MIB-configured CORESETs, etc. However, it is not clear whether these candidates can represent the frequency loading condition. For example, if the network is synchronized, neighbour cells may also transmit the always-on SS blocks in the SS-block OFDM symbols, and hence, the RSSI measured in the OFDM symbols may not represent the carrier loading condition. A similar issue is anticipated for the PDCCH DMRS for MIB-configured CORESETs. 
Hence, it is preferred to allocate alternative resources for RSSI measurements. To allow UE to measure both RSRQ and RSRP in the same time duration so that UE can save power for measurements, it is preferred to configure the RMR in the SMTC measurement window. Based on these principles, two alternatives can be considered for allocating the RMRs corresponding to the SS blocks. In a first alternative, the beam-specific RMR locations are hard-coded in the spec, and each beam-specific RMR time location is an offset different from the SS block time location. In a second alternative, the network can flexibly configure multiple beam-specific RMR locations. Neither alternatives sound very attractive. The first alternative introduces inflexibility/restrictions in terms of the beamforming on those fragmented left-over REs in the SS-block slots, and hence not sure these resources make a good representation for the loading. The second alternative may introduce more complicated signalling and potentially the measurement duration is increased. If RSRQ is introduced with SS block RSRP measurements, it is currently FFS which alternative to take. On the other hand, it seems possible to configure RMRs for CSI-RS based RSRQ measurement more flexibly as CSI-RS is a non-always-on signal that can be flexibly mapped. For example, RMRs may correspond to the REs in those OFDM symbols for which CSI-RS are mapped; in such a case, UE may naturally use the same Rx beam to measure CSI-RSRP and RSSI, and the REs may still be able to represent the cell loading condition because the other cells may use those resources for PDSCH/PDCCH transmissions. Hence, it seems more straightforward to introduce RSRQ with CSI-RS than with SS blocks. 
Finally, to facilitate the network to compare the RSRQ values from two different frequency carriers apple-to-apple, it seems beneficial that beam-specific RSRQ values are reported for the same set of Tx beams using the same set of Rx beams at the UE side. To this end, UE may be configured to report RSRQ values of another frequency carrier for a same set of SS block indices for which the UE reports RSRP/RSRQs in the serving frequency carrier. UE may be configured with a spatial QCL assumption for the same indexed pairs of an SS block and RMR across the carrier frequencies, so that the RSRQs are used for making a decision for the inter-frequency handover for the same beam. In this case, the UE does not need to update the Rx beam to receive PDSCH/PDCCH when the UE is configured to hand-over to another carrier frequency. 
Proposal 4: 
· RSRQ is supported at least when CSI-RS is configured for RSRP
· Beam-specific RSRQ is defined as a ratio of beam-specific RSRP (i.e., SS-RSRP) to beam-specific RSSI. 
· Cell-specific RSRQ is defined as an average of the beam specific RSRQs, for which the corresponding RSRP values are above the configured threshold. 
· UE may be configured to report cell-specific RSRQ and/or beam-specific RSRQs on N beams (SS blocks).
· FFS support of RSRQ when SS blocks are configured for RSRP, with considering the following aspects:
· When RSRQ is measured using SS blocks, one RSSI measurement resource (RMR) is provided per SS block, whose timing relation is pre-configured by the specification. 
· The UE is configured to assume that an SS block and a corresponding RMR are QCL’ed in spatial parameters. 
· UE may be configured to measure RSRQs of an inter-frequency cell for a same set of SS blocks that the UE has reported RSRQs in the serving carrier. In this case, the UE is configured to assume QCL relation between the pairs of SS block and RMR of the same SS block index in the two frequency carriers. 
RS-SINR Measurement
The main motivation of introducing RS-SINR was to provide an estimate of throughput of a target cell to the network. During the LTE Rel-13 discussions, it was found that neither RSRP nor RSRQ was sufficient for this purpose, and RS-SINR is introduced. For NR, similar motivations may still be applicable. Similarly to the discussion in Section 4, it seems easier to define RS-SINR when CSI-RS is configured for RSRP measurement than when SS blocks are configured for RSRP measurement. When SS blocks are configured for RSRP measurement, it seems necessary to configure interference measurement resource (IMR) per SS block. One natural candidate for the IMR could be explicitly configured ZP CSI-RS. However, multiple ZP CSI-RS may need to be provided for multi-cell RS-SINR measurement, one ZP CSI-RS per cell, because ZP CSI-RS is cell-specific, i.e., a different ZP CSI-RS seems to be necessary for measuring interference in a target cell’s perspective. Hence, it seems more complicated to support RS-SINR when SS blocks are configured for the RSRP measurement. 
Proposal 5: 
· RS-SINR is supported at least when CSI-RS is configured for RSRP
· Interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped
· FFS support of RS-SINR when SS block is configured for RSRP

Conclusions
The proposals and observations of this contribution are re-collected below:
Proposal 1: The EPRE power ratio shall be 3.5dB for all the carrier frequency ranges. 
Proposal 2: log2(L)-bit SS block indices are used as beam indices for the mobility reporting purpose, where L is the agreed number of maximum number of SS blocks per frequency band. 
· The 3 LSBs of the SS block index is coded by the PBCH DMRS sequence index.
· The remaining MSBs of the SS block index is coded by the explicit PBCH payload. 
Proposal 3: The network can configure a system-wide maximum number M, of SS blocks for each carrier frequency > 6GHz. 
· M can be less than the band-specific maximum number L. 
· The first M SS blocks in each SS burst set can be used by the network for SS block transmissions on the carrier frequency. The remaining L-M SS block locations are not used for SS block transmissions by any cells in the carrier frequency.
· Note: When M is less than or equal to 8, the UE is not required to read the PBCH to measure SS-RSRP. 
Proposal 4: 
· RSRQ is supported at least when CSI-RS is configured for RSRP
· Beam-specific RSRQ is defined as a ratio of beam-specific RSRP (i.e., SS-RSRP) to beam-specific RSSI. 
· Cell-specific RSRQ is defined as an average of the beam specific RSRQs, for which the corresponding RSRP values are above the configured threshold. 
· UE may be configured to report cell-specific RSRQ and/or beam-specific RSRQs on N beams (SS blocks).
· FFS support of RSRQ when SS blocks are configured for RSRP, with considering the following aspects:
· When RSRQ is measured using SS blocks, one RSSI measurement resource (RMR) is provided per SS block, whose timing relation is pre-configured by the specification. 
· The UE is configured to assume that an SS block and a corresponding RMR are QCL’ed in spatial parameters. 
· UE may be configured to measure RSRQs of an inter-frequency cell for a same set of SS blocks that the UE has reported RSRQs in the serving carrier. In this case, the UE is configured to assume QCL relation between the pairs of SS block and RMR of the same SS block index in the two frequency carriers. 
Proposal 5: 
· RS-SINR is supported at least when CSI-RS is configured for RSRP
· Interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped
· FFS support of RS-SINR when SS block is configured for RSRP
