[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #98	R1-1908026
Prague, Czech Rep., August 26th – 30th 2019

Agenda Item:	6.2.1.9
Source:	Ericsson
Title:	Use of RSS for measurement improvements in LTE-MTC
Document for:	Discussion, Decision

Introduction
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]


With respect to the above objective, the following agreements and working assumptions were made in RAN1 #97 [2]:
	Working Assumption
Restrict the RSS locations by reducing the number of possible RSS locations
Agreement
Down select and/or combine from the following in RAN1#98 for overhead reduction of the RSS time offset & RSS frequency location:
· Method 1: Reduce the number of possible RSS time offsets and RSS frequency locations
· Method 2: The RSS time offset & RSS frequency location is a function of Cell ID, i.e. no signaling bits required
· Method 3: The restricted RSS locations are dependent upon the Cell ID
· Method 4: The RSS time offset & RSS frequency location is carrier specific
· Method 5: The RSS frequency location of neighbor cells are within a frequency block relative to the RSS frequency location of the serving cell, e.g. the frequency block can be a narrowband
Other methods are not precluded
For further discussion
Introduce an indicator to indicate whether the RSS locations are from a restricted smaller set of possible RSS locations or from the full set of possible RSS locations for each neighbor cell. The exact signaling method is up to RAN2.
For further discussion
Study the impact of the UE assuming that the number of CRS ports is carrier specific.



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.
[bookmark: _Ref178064866]Discussion
Use of RSS in neighbor cell measurements
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 detection and measurements. As a starting point in discussing how to use RSS, present measurement procedures must first be understood. Today, RAN4 stipulates the following high leveled neighbor cell measurement procedure:
1. Synchronize towards neighbor cells by using PSS/SSS for a specified period of time, and
2. Perform neighbor cell measurements using CRSs in the detected cells.
The cost in terms of UE power consumption for performing synchronization with PSS/SSS is highly related to the coverage level whereas it is only marginally related to the timing error. The reason for this is the long accumulation durations that are required due to sparse PSS/SSS signal content and the short PSS/SSS periodicities that does not allow for any sleep in-between. In contrast, the cost for performing neighbor cell measurements is constant provided the UE is in enhanced coverage [3], which is a reasonable assumption when using RSS for synchronization.
[bookmark: _Toc16872866]UE power consumption cost for neighbor cell synchronization increases linearly with worse coverage but is constant relative the timing error whereas the cost for performing measurements is relatively independent of coverage.
The above procedure may be altered in two ways in order to include RSS in the measurement procedure:
1. Use RSS only for synchronization, or
2. Use RSS both for synchronization and neighbor cell measurements.
The benefits from the first alternative is that it will decrease synchronization durations substantially, as seen in the Rel-15 work with specifying the RSS. In addition, the second alternative may also reduce measurement durations or improve measurement accuracy. Related to this is of course how to best provide the information the UE needs in order to perform the above operations. Below we discuss the two alternatives in detail, in order to identify which of the two that is to be preferred. This we do in terms of assessing performance gains and signaling requirements that are necessary to achieve those gains. 
RSS for synchronization
In order to use RSS for synchronization, the UE will need either a neighbor cell list or a carrier wide configuration of at least RSS_time_offset, RSS_frequency_location, RSS_duration and RSS_periodicity. The remaining parameters may be omitted since they do not affect the actual detection, considering detection thresholds are typically configured regarding false detection rates implying interference levels and not signal levels matters. If a carrier wide configuration of the above parameters is agreed, no neighbor cell list is required if use of RSS is limited to neighbor cell detection or synchronization.
[bookmark: _Toc16872867]A neighbor cell list becomes redundant with a carrier specific RSS configuration if RSS is only used for neighbor cell detection or synchronization.
The number of CRS ports would not be included in such a carrier specific configuration and that would result in a minor deviation in cell detection performance relative the cell transmission power. However, this deviation is well defined and is not substantial enough to cause a significant change in results.
[bookmark: _Toc16872868]Using RSS for synchronization would result in substantial gains in the cell search duration.
Similar to the number of CRS ports, RSS_power_boost could be omitted but there could be UE advantages in specifying it. Hence, it may be desirable to make it carrier specific.
[bookmark: _Toc16872869]Neighbor cell detection or synchronization is still feasible without specific UE knowledge of the RSS_power_boost configuration of the neighbor cell but UEs may benefit from it being specified.
RSS for synchronization and measurements
In addition to what is required to use RSS for synchronization, using RSS for measurements adds some extra requirements. Early RAN4 studies have shown some gain in measurement accuracy can be achieved from using RSS instead of CRS. Our interpretation of the results is that RSS provides more signal energy and REs over which measurements can be performed, resulting in improved measurement accuracy. However, the narrower RSS bandwidth may make it more sensitive to frequency selective fading, in particular in channels with short impulse responses, i.e., slow frequency fading, in which case the whole RSS may be located deep within a fading dip. Furthermore, in a 1 CRS port system the combination of low bandwidth and lack of transmit diversity may result in sensitive measurements. Figure 1 presents non-averaged RSS measurement performance for an EPA 1 Hz 2x1 channel. In the figure, it is apparent that the span between the 5th percentile and the 95th percentile of measurements is not insignificant – partly for the reasons described above.
[image: ]
[bookmark: _Ref16507742]Figure 1: Non-averaged SNR estimates using RSS for EPA 1 Hz 2x1 channel. At -10 dB SNR, the difference between the 5th and 95th percentiles is approximately 12 dB.

[bookmark: _Toc16872870]The difference in estimated SNR based on RSS is approximately 12 dB between the 5th and 95th percentiles for EPA 1 Hz 2x1.
In order to perform measurements using the RSS, in addition to the detection part, the UE needs to know the RSS transmit power. However, even if RSS_power_boost is uniformly configured for the whole carrier, its configuration is depending on the number of CRS ports which cannot be expected to be carrier specific. Hence, it is either necessary to provide a neighbor cell list in order to use RSS for measurements, or for the UE to decode PBCH of the neighbor cell to determine the antenna configuration independently. To put the resulting power differences from an unknown number of CRS ports in relation to measurement performance, we consider the 800 ms averaged SNR estimate using RSS in Figure 2. As is visible in the figure, the differences between the 5th and 95th percentile is fairly constant over the whole SNR range, approximately 5 dB. From this we conclude that a power difference of 3 dB from different number of CRS ports, or a different power boosting setting has a substantial effect on measurements. Hence, in order to use RSS for measurements, a UE must know of these parameters to achieve sufficient measurement accuracy. 
[image: ]
[bookmark: _Ref16507137]Figure 2: 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.

[bookmark: _Toc16872871]To use RSS for measurements will either require a neighbor cell list, or that the UE decodes PBCH of the neighbor cell, in order to achieve sufficient estimation accuracy.
Feasibility of a neighbor cell list
In the standardization work, many companies have assumed that there would be a neighbor cell list, assuming those existed for other purposes. Although such lists are specified, in practice, they are rarely used. There are good reasons why the eNB should have nothing to do with neighbor cell measurements – it is all but impossible for an eNB to have a complete understanding of the channel environment to other cells throughout its cell. For that reason, the eNB cannot be expected to provide a complete neighbor cell list, and even if it could, a complete list would require substantial network resources. As a consequence, the objective of improving neighbor cell measurements is severely affected negatively by introducing a neighbor cell list.
[bookmark: _Toc16872872]Both the feasibility of constructing a list and overhead costs of broadcasting such list prevent the eNB from providing a complete neighbor cell list.
Hence, any provided neighbor cell list cannot be expected to be a complete list, implying measurements relying on such a list would in turn not reflect the actual environment surrounding the UE. The benefits of using RSS for measurements must outweigh the costs of transmitting such a list and the drawbacks with an incomplete list. In this respect, it is worthwhile to ask RAN4 about where the gains in using RSS for measurements can be found. RAN4 is responsible for evaluating measurement performance and should be able to tell whether any gains from using RSS arises from neighbor cell detection or synchronization on one hand, or from neighbor cell measurements, on the other hand.
[bookmark: _Toc16872875]Send LS to RAN4 asking RAN4 whether the benefits from using RSS arise from gains in detection or synchronization performance prior to measurements or from improved measurement performance.
Decoding PBCH of neighbor cells
As is mentioned above, if RSS is used for neighbor cell measurements, the alternative to using a neighbor cell list is that the UE independently determines the number of CRS ports that are used in the measured cell. This operation is not without complexity but only needs to be performed once or at least very infrequently. There are two considerations that makes this a more feasible task than first may be expected, however, and in our opinion, without the drawbacks arising from using a neighbor cell list and consequently a better choice:
1. The UE is already synchronized towards one cell, hence, the task of synchronizing towards another cell is significantly less complex, especially if RSS is deployed in that cell, and
2. The PBCH is robustly coded, hence already a few accumulations will achieve deep coverage levels, thereby limiting decoding complexity.
[bookmark: _Toc16872873]A UE may determine the number of CRS ports in a neighbor cell with limited complexity from decoding PBCH.
[bookmark: _Ref16536849][bookmark: _Toc16872876]If RSS is used for neighbor cell measurements, the network is not required to provide information about the number of CRS ports in neighbor cells.
Carrier wide RSS configuration
Regardless whether RSS is used only for cell detection and synchronization or also for measurements, it is desirable to specify a carrier wide RSS configuration. The reason for that is to either minimize a neighbor cell list, or to allow use of RSS entirely without a list. In line with Proposal 2, below it is assumed that the number of CRS ports is determined elsewhere. Overall, this does not affect the outcome in a significant way.
One of the agreements from the most recent meeting was to down select among the different alternatives. Here it can be noted that the extra cost from allowing a few instead of only one configuration is relatively inexpensive. Combined with an uncertainty of how RSS is preferably deployed, this is a cost that should be accepted. For that reason, we propose a carrier wide RSS configuration according to the below criteria.
RSS_time_offset and RSS frequency position are functions of Cell ID. Since the UE knows the RSS_time_offset and RSS_frequency_position of the present cell, RSS in any other cell may be derived from that. This does not take into account any timing or frequency offsets between cells but in most cases, these are anyway marginal.
[bookmark: _Toc16872877]RSS_time_offset and RSS_frequency_position are functions of Cell ID.
One configuration may be that RSS is collocated to the same RSS_time_offset and RSS_frequency_position throughout the carrier. The cross-correlation properties of RSS are well known, and performance is sufficiently good, making this an attractive configuration. From a UE power saving perspective, it allows UEs to receive and store a narrowband signal over a short period of time and then detect candidate neighbor cells offline.
[bookmark: _Toc16872874]RSS cross-correlation properties are sufficiently good to allow RSS collocation in the carrier and will allow for efficient RSS detection.
[bookmark: _Ref16416676][bookmark: _Toc16872878]Allow one RSS configuration where RSS is collocated to the same RSS_time_offset and RSS_frequency_location thoroughout the whole carrier.
As a complement to the above singular configuration, RSS may be configured over a limited number of narrowbands to achieve different levels of time and frequency differentiation. Some likely candidates for different values of RSS_frequency_position may be 1, 2, 4, 8 narrowbands. By defining the RSS_frequency_position in terms of narrowbands, the central six PRBs should only be allocated in exceptional cases. For this configuration, RSS_time_offset will vary over a full RSS_periodicity, allowing maximum time differentiation.
[bookmark: _Ref16416686][bookmark: _Toc16872879]Allow one RSS configuration where RSS_frequency_position spans 1, 2, 4 or 8 narrowbands and 0 ≤ RSS_time_offset < RSS_periodicity.
Proposal 4 and Proposal 5 are illustrated in Figure 3. The two major configuration alternatives are referred to, for Proposal 4, A, and for Proposal 5, B. Different time offsets are not reflected in the figure.


[bookmark: _Ref16416647]Figure 3: Illustration of the proposed time and frequency configurations.
For both above configuration alternatives, RSS_duration may be carrier specific and hence taken from the serving cell configuration. RSS_power_boost may or may not be carrier specific, depending on how RSS is eventually used. The advantage with it being specified is a more coherent cell detection which comes at the cost of less network flexibility.
[bookmark: _Toc16872880]The parameter RSS_duration is assumed to be carrier specific.
[bookmark: _Toc7791808][bookmark: _Toc16872881]Neighbor cell RSS_power_offset is either carrier specific or omitted from the neighbor cell RSS configuration.
Conclusion
In the previous sections we made the following observations: 
Observation 1	UE power consumption cost for neighbor cell synchronization increases linearly with worse coverage but is constant relative the timing error whereas the cost for performing measurements is relatively independent of coverage.
Observation 2	A neighbor cell list becomes redundant with a carrier specific RSS configuration if RSS is only used for neighbor cell detection or synchronization.
Observation 3	Using RSS for synchronization would result in substantial gains in the cell search duration.
Observation 4	Neighbor cell detection or synchronization is still feasible without specific UE knowledge of the RSS_power_boost configuration of the neighbor cell but UEs may benefit from it being specified.
Observation 5	The difference in estimated SNR based on RSS is approximately 12 dB between the 5th and 95th percentiles for EPA 1 Hz 2x1.
Observation 6	To use RSS for measurements will either require a neighbor cell list, or that the UE decodes PBCH of the neighbor cell, in order to achieve sufficient estimation accuracy.
Observation 7	Both the feasibility of constructing a list and overhead costs of broadcasting such list prevent the eNB from providing a complete neighbor cell list.
Observation 8	A UE may determine the number of CRS ports in a neighbor cell with limited complexity from decoding PBCH.
Observation 9	RSS cross-correlation properties are sufficiently good to allow RSS collocation in the carrier and will allow for efficient RSS detection.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Send LS to RAN4 asking RAN4 whether the benefits from using RSS arise from gains in detection or synchronization performance prior to measurements or from improved measurement performance.
Proposal 2	If RSS is used for neighbor cell measurements, the network is not required to provide information about the number of CRS ports in neighbor cells.
Proposal 3	RSS_time_offset and RSS_frequency_position are functions of Cell ID.
Proposal 4	Allow one RSS configuration where RSS is collocated to the same RSS_time_offset and RSS_frequency_location thoroughout the whole carrier.
Proposal 5	Allow one RSS configuration where RSS_frequency_position spans 1, 2, 4 or 8 narrowbands and 0 ≤ RSS_time_offset < RSS_periodicity.
Proposal 6	The parameter RSS_duration is assumed to be carrier specific.
Proposal 7	Neighbor cell RSS_power_offset is either carrier specific or omitted from the neighbor cell RSS configuration.
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