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1. Introduction
The RAN1 TS 36.214 [1] includes the following RSRP definition for an LTE UE measurement that is intended to support intra-LTE mobility:

	Definition
	Reference signal received power, the mean measured power of the reference symbols during the measurement period. 

	Applicable for
	TBD


This definition is still a rather basic description and requires further refinement.
This Tdoc discusses corresponding open issues in section 2 and it is finally suggesting a text proposal in section 4 on how TS 36.214 could be updated.
2. Discussion of open issues
2.1
Measurement bandwidth
RAN4 agreed the following operating system bandwidths and corresponding number of resource blocks in TR 25.803 [4]:
	Operating system bandwidth [MHz]
	1.4*
	1.6**
	[3] or [3.2]
	5
	10
	15
	20

	Number of resource blocks
	6
	7
	[15] or [16]
	25
	50
	75
	100

	Note*: This system bandwidth is used only for FDD band

Note**: This system bandwidth is used only for TDD band 


i.e. it replaces the former 1.25MHz as the smallest operating system bandwidth (nevertheless the 6 resource blocks assumption remains).

Note: Although not yet clear for TR 25.803 the 1.6MHz operating system bandwidth applies only to the frame structure type 2 of TS 36.211 section 4 and not to type 1 (formerly called "generic frame structure" as applicable to FDD and TDD).
This will have to be clarified in RAN4 as RAN4 uses the center 72 subcarriers (= 6 resource blocks) for defining the RSRP accuracy requirement (note that the number of resource blocks is mentioned to be 7 for the 1.6MHz operating system bandwidth).
In the text proposal so far only a sentence is added that for TDD the measurement period is considered only on DL subframes.
Furthermore, RAN4 answered the RAN1 LS R1-071250 [5] regarding the RSRP measurement bandwidth by the LS R1-072586 (R4-070778) [6]:
· UE RSRP measurement requirements will be further developed based on the centered 72 subcarriers (=6 resource blocks centered around the DC subcarrier).
· RAN4 will further analyze 
· whether it is beneficial to allow the UE to utilize a wider UE measurement bandwidth for its performance optimization,

· whether there is a need for adjustable time domain filtering as possible solution to overcome any measurement errors to ensure stable system performance.
As visible from first RAN4 inputs (see also R4-070847 [12]) about the analysis of wider measurement bandwidths (BW): R4-070589, R4-070766 (Ericsson), R4-070608 [11] (NSN, Nokia), R4-070677 (Samsung) and R4-070705 (Qualcomm)
[Note: In RAN1 R1-071331, R1-071744 (Motorola) considered so far negligible impact of the measurement BW on the RSRP measurement accuracy while R1-071597 (Ericsson) and R1-071667 (Nokia) saw some improvements due to larger BW for low UE speed cases]:
· averaging in time and frequency domain are interchangeable so that wider BW measurements would allow a quicker measurement,
· with a smaller BW: RSRP measurement accuracy suffers more in TU than in PA channel (as different subcarriers experience different fading conditions),
· L3 filtering might compensate smaller BW in some scenarios but it will probably not  solve the problem for fast changing channel conditions especially at lower UE speeds/low Doppler ("corner effect"),
· it would be beneficial to keep the RSRP definition generic so that also results with different measurement BWs are comparable.
In order to be able to compare RSRP measurements measured with different measurement bandwidths it is necessary to clarify how the "mean measured power" is determined:

· What is quite clear from the definition is that the energy per reference signal time intervall (i.e. symbol) is collected within the measurement period (RAN4 working assumption for non DRX case: measurement period = 200ms) in a form of an arithmetic mean value (so called L1 averaging), although it might be worth to clarify that linear values (i.e. in [W]) are considered.
· What is not clear and what definitely requires a clarification is the handling in the frequency domain: Is it intended

a. to either sum up the power of RS resource elements in frequency domain

b. or to take the linear arithmetic mean value of the power of RS resource elements in frequency domain.

In case a. there would definitely be a need for a scaling as described in [11] to have comparable RSRP values for different measurement bandwidths.
With case b. the RSRP definition would be independent from the measurement bandwidth (i.e. also if RAN4 decides to modify operating bandwidths or the related number resource blocks).
In the text proposal in section 4. it is proposed to clarify that b. is the intended behaviour for RSRP. Furthermore, how to determine the "mean measured power" is clarified further.

Note:
· The final decision of the measurement bandwidth can be left up to RAN4 with this formulation of the RSRP definition
· It could be further discussed whether it would be worth that the network knows the measurement bandwidth that the UE will use (e.g. to estimate how accurate the reported RSRP is or how fast the UE could measure).
However, as 
· the signalling of the measurement BW is not needed to compare measurement results,
· there will be only one requirement for 72 subcarriers (=6 RBs),
· the measurement period limits the maximum measurement duration,
we think this could be left up to the UE design and transparent for the network.
2.2
Reference signals
Since TS 36.211 [13] knows 3 types of reference signals (RS) in section 5.7 is it necessary to clarify that only cell-specific reference signals are considered in this RSRP definition and neither MBSFN reference signals nor UE-specific reference signals.
The table below provides an overview about the maximum number of cell-specific RS that are available for RSRP measurements in the different cases assuming the measurement bandwidth would include all resource blocks of the operating system bandwidth.
The table is addressing frame structure type 1 with FDD focus.

	Measurement

bandwidth [MHz]
	number of resource blocks
	no. of RS in 1 unicast subframe

(1 TX antenna)

TD*FD
	no. of RS in 1 unicast subframe

(2 or 4 TX antennas)

TD*FD
	no. of RS in 1 mixed unicast control/MBSFN subframe 

(? TX antenna)

TD*FD

	1.4
	6
	4*12 = 48
	4*24 = 96
	1*12 = 12

	3
	15
	4*30 = 120
	4*60 = 240
	1*30 = 30

	5
	25
	4*50 = 200
	4*100 = 400
	1*50 = 50

	10
	50
	4*100 = 400
	4*200 = 800
	1*100 = 100

	15
	75
	4*150 = 600
	4*300 = 1200
	1*150 = 150

	20
	100
	4*200 = 800
	4*400 = 1600
	1*200 = 200


Note 1:
1 subframe = 1ms i.e. for a measurement period = 200ms all values would be multiplied by 200 in time domain (TD).
Note 2:
For mixed unicast control/MBSFN subframes TS 36.211 is just talking about antenna port 4 without clarifying whether the same information is transmitted over all antennas if more than 1 TX antenna is considered at the eNode B. This will require further clarification (although it will not affect the RSRP definition as long as just 1 cell-specific RS remains).
Apart from this  it should be noted that "antenna connector" and "test ports" had a very well defined relation in WCDMA (see TS 25.215 section 5.2 and TS 25.141 section 6.1).
Therefore the usage of the term "antenna port" in RAN1 might cause confusion in RAN4.
For frame structure type 1 for TDD mode: The UE needs to be aware of the UL/DL subframe allocation and in addition there is a reserved idle period (IP) at the end of the last slot of the DL subframe which contains this IP. So depending on the IP length (configurable dependent on cell size), the UE can do RS measurements on that DL subframe containing IP with one of three possibilities:

- on all RS in that subframe if IP <= 2 symbols;

- on all except the last RS if 2 symbols < IP <= 5 (normal CP) or 4 (extended CP) symbols;
- on only the first RS if IP = 12 (normal CP) or 10 (extended CP) symbols.
To the table above it needs to be clarified that
· The UE does not necessarily need to take all cell-specific RS into account (this is clarified with a note in the text proposal in section 4.).
· For FDD a TDM of unicast only subframes and MBSFN subframes with different RS allocations was decided so that the UE would need to know which kind of subframe is currently received to benefit of all available RS. Therefore the network should provide all necessary information so that the UE knows all the locations of resource elements that carry cell-specific reference signals; RAN1 #49 decided (see R1-072623):
· "UE is informed by higher layers of the serving cell about which subframes in the serving cell are used for MBSFN transmission" which solves the problem for RSRP related to the serving cell;
· "UE is informed by the serving cell whether UE can assume that
· no MBSFN subframes are present in all neighboring cells

· all neighboring cells have the same MBSFN subframe allocation as the serving cell."
Both options will not provide the full information about cell-specific RS locations in all neighbour cells (in order to limit the signalling effort). But the second options provides more information with same signalling effort as the first option (in addition to the first option it provides full information within an MBSFN area).
However, this is a signalling question and will not affect the definition of the measurement but more its accuracy.
2.3
RX diversity
In connection with WCDMA RAN1 sent LS R1-071832 [7] to RAN4 in order to confirm RAN1 views on the handling of RX diversity in measurement definitions in TS 25.215.
A corresponding RAN4 answer was provided in R1-072605 [8] confirming that the reported value for UE power measurements shall be equivalent to the linear average of the values of all diversity branches. This was then approved at RAN #36 by CR RP-070391.
As LTE will also consider receiver diversity at the UE (note: According to R4-070847 RAN4 will consider 2 RX as baseline working assumption for defining RSRP minimum performance requirements for intra-frequency, non DRX case) it is worth to clarify the corresponding RSRP definition in this RX diversity respect. This was done in section 4 in the text proposal.
Note: This clarification is also needed for some other inter-RAT measurements.
2.4
Applicability
The "applicable for" field in TS 36.214 [1] will be used to explain in which E-UTRAN RRC protocol state a measurement can be carried out.
Note: TS 36.300 [2] figure A.2 distinguishes 3 states:

1. LTE_DETACHED: PLMN selection/cell selection
2. LTE_IDLE (RRC_IDLE): cell reselection
3. LTE_ACTIVE (RRC_CONNECTED): handover
This would be worth to be updated in the general introduction section 5.1 in TS 36.214 [1].
Also for RSRP it can be assumed that this measurement is available in all 3 states.

Furthermore, it will be helpful to indicate that this RSRP measurement is useful for intra-frequency LTE as well as for inter-frequency LTE (compare TS 25.215 for WCDMA).
The states and the intra-/inter-frequency LTE aspect is clarified in the text proposal in section 4.
In connection with "applicability" it would be also worth to check whether there is any intention to capture the measurement purpose in TS 36.214 or whether this should be left up to RAN4 (e.g. TR 36.801).
3. Conclusion
This contribution discussed open issues of the RSRP UE measurement for LTE and it is suggested that RAN1 agrees about the corresponding text proposal to TS 36.214 in section 4 (revisions to the current version 1.0.0 [1] are marked with change bars).

In addition RAN1 should decide about the following aspects:

· How many/which antennas are used if antenna port = 4 (mixed unicast control/MBSFN subframe) and is the same contents transmitted over all antennas?
· Do we want to clarify the term "antenna port" with RAN4?

· No need that the network knows the measurement bandwidth used by the UE.
· Update of the "applicable for" line in TS 36.214 section 5.1 by 
"Clarifies in which state(s) it shall be possible to perform this measurement.
The following terms are used in the tables:
LTE_DETACHED,
LTE_IDLE (RRC_IDLE) intra-frequency, LTE_IDLE (RRC_IDLE) inter-frequency,
LTE_ACTIVE (RRC_CONNECTED) intra-frequency, LTE_ACTIVE (RRC_CONNECTED) inter-frequency."
Note: LTE_DETACHED, LTE_IDLE, LTE_ACTIVE are NAS protocol states according to TS 36.300. Corresponding RRC states: RRC: Null, RRC_IDLE, RRC_ CONNECTED.
· Any intention to capture the measurement purpose in RAN1 TS 36.214 or to inform RAN4 so that they capture it in TR 36.801?

4. Text proposal to TS 36.214

5.1.1
Reference signal received power (RSRP)
	Definition
	Reference signal received power (RSRP) is determined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth and within the measurement time period.
For TDD the measurement period is considered only on DL subframes.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.

	Applicable for
	 LTE_DETACHED,

LTE_IDLE (RRC_IDLE) intra-frequency,
LTE_IDLE (RRC_IDLE) inter-frequency,

LTE_ACTIVE (RRC_CONNECTED) intra-frequency,
LTE_ACTIVE (RRC_CONNECTED) inter-frequency


Note: The number of resource elements within the considered measurement frequency bandwidth and within the measurement time period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
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