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Introduction
[bookmark: _Hlk20916920]In the Rel-16 WID, one of the objectives is to introduce mobility enhancements by using RSS for measurements [1]:
	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]


[bookmark: _Hlk20916935]With respect to the above objective, the following agreements and working assumptions were made in RAN1 #98 [2]:
	Agreement
Confirm the following working assumption:
· Restrict the RSS locations by reducing the number of possible RSS locations

Agreement
Methods to restrict the RSS locations:
· The RSS time offset(s) & RSS frequency location(s) are a function of Cell ID
· The Cell ID function is FFS

For further study:
· Consider reducing the overhead in signaling the number of CRS ports of the neighbours in using neighbour cells’ RSS for measurement improvements.
· Consider ways to provide RSS parameters for UE detected neighbour cells.


As stated in the objective, the objective is to use RSS for unspecified DL RSRP or RSRQ measurements. Serving cell measurements are already feasible and RAN4 has agreed that RSRP based measurement can be used for determining the CE mode needed for random access. RAN1’s focus of the objective is to enable UEs to perform neighbor cell measurements with assistance of RSS, should RAN4 agree that is beneficial. For that reason, this contribution is written with a focus on neighbor cell measurements. Contributions in other working groups related to RSS are found in [3][4].
[bookmark: _Ref178064866]Discussion
Use cases for RSS-based neighbor cell measurements
RAN1’s task is to provision that RSS may be used for neighbor cell measurements. Serving cell measurements may also be specified but since the serving cell configuration is known to the UE, it falls outside of RAN1’s realm. Two types of neighbor cell measurements exist, RRC_IDLE measurements and RRC_CONNECTED measurements. The specification of IDLE mode measurements does not include performance figures, apart from the cell reselection margin, making any accuracy improvement uncertain. This does not imply that RRC_IDLE measurements are without merit, only that the objective is more clearly targeting RRC_CONNECTED. RRC_CONNECTED neighbor cell measurements are typically performed in measurement gaps where a UE is allocated a 6 ms gap to perform its measurements with a periodicity of 40 or 80 ms. Outside of the gap, the UE is expected to be available for scheduling and may consequently not perform measurements. Constraining the measurements to gaps has a fundamental effect on neighbor cell RSS deployment in that the RSS must be located within a gap to be measured upon.
[bookmark: _Toc21106977]RRC_IDLE measurement performance is left to UE implementation and is not specified by RAN4.
[bookmark: _Toc21106978]RSRP measurement accuracy requirements apply for measurements performed in RRC_CONNECTED, restricting the RSS time offset alternatives.
Additionally, RSS may also be used for synchronization associated to measurements. Instead of typically using SSS for this purpose, RSS would provide a more reliable and efficient sync. However, this is not part of the objective that is focusing on measurement accuracy and this performance is typically not specified. Note that initial cell search would most likely still need to be performed using PSS/SSS.
[bookmark: _Toc21106979]RSS would likely improve efficiency of resynchronization procedures that are performed in association with neighbor cell measurements.
Neighbor cell information
RSS may provide substantial benefits to neighbor cell measurements in that it allows for more energy to be received in a shorter duration, substantially increasing power efficiency in both neighbor cell resynchronization and measurements. To allow using RSS for neighbor cell measurements, RAN1 must provision that the UE has sufficient knowledge about the RSS to accurately perform measurements. Furthermore, for this to be implemented in products, most likely the measurement procedure must not substantially deviate from present CRS-based measurement procedures. These, notably, are typically not based on neighbor cell lists, but instead makes some fundamental assumptions of CRS power levels. For example, Sec. 4.7.2.1.2 in [36.133] states,
The UE shall be able to identify new intra-frequency cells and perform RSRP and RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
[bookmark: _Toc21106980]RSS-based neighbor cell measurements should be possible to perform without a neighbor cell list, to be in line with present CRS-based neighbor cell measurements.
Still, neighbor cell lists can be provided for CRS-based measurements to increase accuracy from, e.g., different CRS power boosting levels. Comparing CRS and RSS, there is one fundamental difference in the output power of CRS and RSS. Whereas the former is constant, apart from the power boosting, the latter is proportional to the number of CRS ports. This is an argument why a neighbor cell list is desirable also for RSS, all other things equal. The above argumentation leads us to conclude that it is possible to argue for both cases. The case without a neighbor cell list will mimic present CRS-based measurements, and the case with a neighbor cell list will allow for more accurate measurements, that are also allowed for CRS-based measurements.
[bookmark: _Toc21106989]RAN1 should provision for RSS based measurements both with and without a neighbor cell list.
Due to the difference between CRS-based and RSS-based measurements in enhanced coverage, it is reasonable to require UEs to use the neighbor cell information during measurements if such a list is provided. From a network perspective, including a list will allow more flexible RSS deployment in terms of both CRS and RSS power boosting as well as the number of CRS ports in a cell.
[bookmark: _Toc21106981]RSS network deployment would benefit from using different CRS ports and power boost levels.
[bookmark: _Toc21106982]If a neighbor cell list includes RSS information, it is beneficial for the UE to use that information in its neighbor cell measurements.
Assuming that the RSS time offset and frequency locations are based on cell id, and hence may be omitted from a neighbor cell list, there are a few other parameters that may affect the RSS transmit power level and thereby the measurement result. Table 1 presents the relevant parameters and their effect on RSS power levels relative to CRS power levels using the relation  where ρA and ρB are given by Table 5.2-1a in [5]. From the table below, it is clear that the RSS transmit power has a huge dynamic range of -23 dB to +25 dB, mainly depending on the CRS configuration. Allowing for a ±1 dB precision, i.e., a 2 dB quantization step, will imply that it is possible to represent the above range with 5 bits.
[bookmark: _Ref19889864]Table 1: Effect on RSS output power from various parameter configurations.
	Parameter
	Values
	RSS power effect

	#CRS ports
	1, 2, 4
	0, 3, 6 dB

	CRS boosting
	0, 3, 4.8, 6 dB
	1 CRS port: 0, -9 -16 -23 dB
2 CRS ports: 7, 0, -7, -14 dB
4 CRS ports: 14, 7, 0, -7 dB

	RSS boosting
	0, 1.8, 3, 4.8 dB
	0, 1.8, 3, 4.8 dB



[bookmark: _Toc21106990]To accommodate network flexibility and signaling overhead, the neighbor cell list includes an RSS bias term to be added to measurements, corresponding to a measurement on a reference cell.
Naturally, the implications on RSS-based measurements from the full dynamic range is that they would be highly inaccurate. For example, cells with only 1 CRS port are highly unusual. If the 1 CRS port configuration is disregarded, the lower bound will increase quite substantially from -23 dB to -11 dB. Nevertheless, it can be concluded that RSS is not suitable for neighbor cell measurements for any CRS boosting combination among the neighbor cells. Another observation from Table 1 is that there is an inverse relation between CRS power and RSS power – the more CRS boosting that is applied, the less power remains for RSS. This should likely be considered when performing mixed CRS and RSS neighbor cell measurements. To account for these possible differences, we think it is beneficial to specifically indicate whether, in general, RSS may be used for neighbor cell measurements or not for cells not in the neighbor cell list.
[bookmark: _Toc21106991]Indicate in SI if RSS in general may be used for neighbor cell measurements for cells not in the neighbor cell list.
[image: ]
[bookmark: _Ref20825850]Figure 1: 800 ms averaged SNR estimates using RSS for EPA 1 Hz 2x1 channel. At -10 dB SNR, the performance difference between the 5th and 95th percentiles is approximately 5 dB.
In order to assess the measurement bias from not knowing the number of CRS ports, which is the case if a neighbor cell list is not provided, the starting point may be the acceptable inaccuracies in present measurements. Present CRS-based measurements do not consider that CRS may be boosted, typically up to 6 dB. The possible measurement error from not knowing the number of CRS ports is 3 dB, i.e., half of the error that may arise from unknown CRS boosting. If the starting point instead is related to channel fading, Figure 1 shows that a 3 dB bias corresponds to the difference between the 5th percentile and the mean. In other words, the bias arising from an unknown number of CRS ports falls well within the margin of expected channel variations. For both points above, the bias from an unknown number of CRS ports is well within existing variations and should not prevent using RSS for neighbor cell measurements. Hence, it is reasonable that the UE may make some assumptions on a default RSS configuration that should be used when performing RSS-based neighbor cell measurements.
[bookmark: _Toc21106983]Presently, CRS-based measurements assume no CRS boosting. This assumption may result in a measurement bias of up to 6 dB.
[bookmark: _Toc21106984]The systematic bias from using the wrong #CRS ports corresponds to channel fading between the 5th percentile and the mean over an 800 ms average.
[bookmark: _Toc21106992]For cells not in the neighbor cell list, the UE may assume a default configuration regarding #CRS ports and power boosting. FFS if default configuration is the serving cell configuration or another configuration.
RSS time offset and frequency location
A critical matter that both has a compact neighbor cell list and to locate RSS without such a list, is the time offset and frequency location of RSS in different cells. Here some flexibility is required to allow for different RSS configurations and also to accommodate RSS in different networks, more precisely, for different carrier bandwidths.
A very compact allocation of RSS is to collocate it in the same time-frequency resource throughout the whole carrier. The cross-correlation properties were studied in Rel-15 and are sufficiently good for such a configuration. Furthermore, collocation will allow for off-line RSS detection, resulting in a power efficient implementation where the receiver is only run for the minimum amount of time. Furthermore, this configuration would allow the network to schedule measurement gaps collocated to the RSS time offset and allow UEs to use unused measurement gaps for other types of measurements, e.g., positioning measurements.
[bookmark: _Toc21106985][bookmark: _Ref16416676][bookmark: _Toc16868336]RSS collocation would allow off-line RSS post processing, significantly reducing UE power consumption and allow the UE to perform other measurements in remaining gaps.
[bookmark: _Toc21106993]Allow one RSS configuration where RSS is collocated to the same RSS_time_offset and RSS_frequency_location throughout the whole carrier.
An alternative to collocation is that the RSS resources for different cells are distributed over a predefined bandwidth and presumably the whole periodicity that previous agreements specify to be a carrier wide configuration. The distributed configuration must consider a few properties, that all will influence a desirable configuration:
· RSS periodicity
· RSS duration
· Network bandwidth
· Acceptable RSS overlap
· UE measurement gap configuration
· UE bandwidth
It may be desirable from an interference perspective to separate RSS. Considering that RSS is highly configurable in terms of duration and periodicity, a dynamic time-frequency range should be defined. This is particularly true for the RSS time raster, i.e., the duration between the allowed starting points of two RSSs which should at least include the two measurement gap periodicities, 40 and 80 ms. Additionally, shorter gaps could be included if the ambition of the network is to only use RSS for IDLE mode measurements.
[bookmark: _Toc21106986]Different RSS durations and RSS periodicities may require different amount of resources to separate RSSs from different cells.
[bookmark: _Toc21106987]Different network configurations and bandwidths may have different availability for RSS.
To accommodate all these parameters, we propose a configurable cell id to RSS resource mapping based on the following parameters:
	PCI, the physical cell id,
	NNB, i.e., the RSS frequency range in number of narrowbands, 
	RRSS, i.e., the RSS time raster, i.e., the minimum spacing between the onset of different RSS, in frames,
	PRSS, the RSS periodicity, in frames,
ΔNB, which is a frequency domain offset term, in narrowbands, and
ΔF, which is a time domain offset term, in frames.
For the above parameters, only NPRB is variable, discounting the offset terms. A reasonable trade-off between overhead and flexibility is to allow, typically, 1, 2, 4 and 8 narrowbands, corresponding to 6, 12, 24 and 48 PRBs. The actual narrowbands that are used for this configuration could be signaled in SI or defined as consecutive narrowbands, presumably with the exception of the central 6 PRBs. To reduce interference, it is desirable to not have overlapping RSS in adjacent cells. This may be difficult to achieve since most systems are already deployed and must be considered. For these, the most fundamental kind of cell planning is related to CRS interference which is typically done such that CRS REs depending on the PCI modulus 3, assuming at least 2 CRS ports. It would be advantageous to link this to the three available RSS resources that area available within a narrowband. Hence, allocating RSS in the frequency domain with a modulus 3 operation is sensible.
[bookmark: _Toc21106988]CRS cell planning can be reused by deploying RSS modulus 3 within a narrowband.
Furthermore, by presuming that proximity in PCI also implies geographical proximity, an advantageous allocation order for a narrowband receiver is 
1. Same time offset and within same narrowband
2. Different time offset within same narrowband
3. Different narrowband
Based on the above parameters, it is possible to allocate RSS at NPRB/2*PRSS/TRSS unique, nonoverlapping locations. This results in turn in 504/NPRB/2*PRSS/TRSS cells sharing the same RSS location. A mathematical expression that takes the above parameters and priorities into account is presented below,




To accommodate the present measurement gaps of 40 and 80 ms, the range of TRSS as expressed in frames would typically include the values 4 and 8. If RSS is only to be used for IDLE mode measurements, a shorter time raster would make sense. Other considerations that may affect the spacing could be related to the amount of overlap for different RSS durations. For these reasons we propose to also include the values 1 and 2. The two Δ terms, ΔNB and ΔF, represent a network specific offsets expressed in number of narrowbands and number of frames, respectively and are introduced to provide further configuration flexibility. These two terms are easily determined by applying the above equations to the serving cell RSS configuration and noting the difference compared to the case without any offsets.
[bookmark: _Ref16416686][bookmark: _Toc16868337][bookmark: _Toc21106994]Allow one RSS configuration with configurable time and frequency allocations where the number of narrowbands used for RSS allocation, NNB = 1, 2, 4 or 8, and where the minimum time spacing between two RSSs, RRSS = 10, 20, 40, 80 ms.
[bookmark: _Toc21106995]In case RSS collocation is not configured, a network wide parameter, determining which narrowbands are used for RSS deployment, is signaled in SI.
[bookmark: _Toc21106996]The RSS frequency location (in PRBs within a narrowband, IPRB and whole narrowbands, INB), and time offset (in frames, FRSS) are determined by
[bookmark: _Toc21106997]Nshared = 2504/NPRB*PRSS/RRSS
[bookmark: _Toc21106998]IPRB = 2 mod(PCI/Nshared, 3)
[bookmark: _Toc21106999]FRSS = RRSS mod(PCI/3Nshared, PRSS/RRSS) + ΔF
[bookmark: _Toc21107000]INB = mod(PCI/3Nshared*RRSS/PRSS , NNB) + ΔNB

Conclusion
In the previous sections we made the following observations: 
Observation 1	RRC_IDLE measurement performance is left to UE implementation and is not specified by RAN4.
Observation 2	RSRP measurement accuracy requirements apply for measurements performed in RRC_CONNECTED, restricting the RSS time offset alternatives.
Observation 3	RSS would likely improve efficiency of resynchronization procedures that are performed in association with neighbor cell measurements.
Observation 4	RSS-based neighbor cell measurements should be possible to perform without a neighbor cell list, to be in line with present CRS-based neighbor cell measurements.
Observation 5	RSS network deployment would benefit from using different CRS ports and power boost levels.
Observation 6	If a neighbor cell list includes RSS information, it is beneficial for the UE to use that information in its neighbor cell measurements.
Observation 7	Presently, CRS-based measurements assume no CRS boosting. This assumption may result in a measurement bias of up to 6 dB.
Observation 8	The systematic bias from using the wrong #CRS ports corresponds to channel fading between the 5th percentile and the mean over an 800 ms average.
Observation 9	RSS collocation would allow off-line RSS post processing, significantly reducing UE power consumption and allow the UE to perform other measurements in remaining gaps.
Observation 10	Different RSS durations and RSS periodicities may require different amount of resources to separate RSSs from different cells.
Observation 11	Different network configurations and bandwidths may have different availability for RSS.
Observation 12	CRS cell planning can be reused by deploying RSS modulus 3 within a narrowband.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 should provision for RSS based measurements both with and without a neighbor cell list.
Proposal 2	To accommodate network flexibility and signaling overhead, the neighbor cell list includes an RSS bias term to be added to measurements, corresponding to a measurement on a reference cell.
Proposal 3	Indicate in SI if RSS in general may be used for neighbor cell measurements for cells not in the neighbor cell list.
Proposal 4	For cells not in the neighbor cell list, the UE may assume a default configuration regarding #CRS ports and power boosting. FFS if default configuration is the serving cell configuration or another configuration.
Proposal 5	Allow one RSS configuration where RSS is collocated to the same RSS_time_offset and RSS_frequency_location throughout the whole carrier.
Proposal 6	Allow one RSS configuration with configurable time and frequency allocations where the number of narrowbands used for RSS allocation, NNB = 1, 2, 4 or 8, and where the minimum time spacing between two RSSs, RRSS = 10, 20, 40, 80 ms.
Proposal 7	In case RSS collocation is not configured, a network wide parameter, determining which narrowbands are used for RSS deployment, is signaled in SI.
Proposal 8	The RSS frequency location (in PRBs within a narrowband, IPRB and whole narrowbands, INB), and time offset (in frames, FRSS) are determined by
	Nshared = 2504/NPRB*PRSS/RRSS
	IPRB = 2 mod(PCI/Nshared, 3)
	FRSS = RRSS mod(PCI/3Nshared, PRSS/RRSS) + ΔF
	INB = mod(PCI/3Nshared*RRSS/PRSS , NNB) + ΔNB
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