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1. Introduction
In a liaison statement[1], GERAN has requested feedback from RAN4 on proposals for reporting RSRP and RSRQ in GERAN signalling, especially considering limitations on the number of bits which would be available for signalling if legacy measurement reporting mechanisms are reused. The purpose of this contribution is to provide further information and analysis to assist in RAN4 response to the GERAN LS.

We understand from discussions from our GERAN delegates that the critical aspect which needs to be answered in the short term (ideally by sending LS to GERAN in RAN4#47bis) is whether the number of bits available in GERAN2 signalling is sufficient. In the best case, six bits are available for the measurement reports, but in very many cases where no explicit E-UTRA cells are indicated in the GSM neighbour cell list some of the bits in the measurement report need to be used to indicate the physical ID of the cell being reported, and only 3 bits are available for the actual reporting of the measured value. Further detailed aspects (eg exact recommendations on report mapping) could still be provided to GERAN at a later point in time (eg by sending an additional LS in RAN4#49), provided that they are able to verify that their assumptions on signalling bit reservation are acceptable in the short term.

2. Considerations on inter RAT handover
When considering inter RAT handover, it is worth remembering that intersystem handovers are not usually time critical in the sense that the UE would be running out of GSM coverage at exactly the same time as it is entering E-UTRA coverage. This may mean that there is some scope for setting handover thresholds for the target RAT in a slightly more conservative way, even if this results in the handover happening at a slightly later point. For intra-LTE handovers, RAN4 has defined RSRP to have a 1dB resolution, and RSRQ to have a 0.5dB resolution in the report mapping in 36.133. If a coarser report mapping were defined for GSM for bit saving purposes, then the handover threshold at which a target cell may be considered might need to be rounded up to the next available codeword. The effect of this would be a slightly less aggressive handover (meaning that the UE moves slightly deeper into the E-UTRA coverage) compared to, for example, E-UTRA interfrequency handover. Given that the UE is likely not moving out of GSM coverage at that exact point, we believe this may be acceptable.
Considering the measurement report mapping which is defined in 36.133, 98 code-words (7 bits) would be needed to represent RSRP, and 34 code-words (6 bits) would be needed to report RSRQ, so it is clear that some changes to the mapping are needed if handover triggering is to be based on a 3 or even 6 bit reported value.
3. Brief summary of GSM inter RAT measurements
. In this section, we briefly summarise the interRAT measurements in the GSM physical layer. In GSM packet transfer mode and dedicated mode/dual transfer mode there are three one second opportunities in every 13 seconds reserved for inter RAT measurements". These opportunities need to be shared between UTRA and E-UTRA, and the basic measurement filtering period is 480ms aligned to the measurement report frequency of 480 ms.. 
4. On the need for reporting both RSRP and RSRQ

In the liaison statement from GERAN, there is a proposal 

“Rather than requiring the mobile station to report both RSRP and RSRQ, TSG GERAN intends to reuse a similar approach as for reporting of UTRAN measurements, whereby one of the quantities (RSRP or RSRQ, as indicated by the network) would be reported only when the other one appears above a corresponding threshold. As a further optimisation, it has been considered in TSG GERAN to always use RSRP as the quantity to be reported.

TSG GERAN would welcome the opinion of TSG RAN WG 4 regarding the proposals above.”

Firstly we note that a similar approach has been successfully used by GSM to trigger handover to UTRA, which suggests that optimisation in this area would be feasible. Secondly we note, as has previously been discussed in RAN4, RSRQ should be regarded as an emergency trigger for interfrequency or interRAT handover away from E-UTRA, for example in case of the UE experiencing unexpected interference problems or cell planning issues. 

In this case, it is also important that RSRQ is taken into account in the handover in the reverse direction to prevent ping-pong scenarios. Hence, handover from GSM to E-UTRA should not be triggered when RSRQ is close to a level which would trigger a handover back to GSM again. We anticipate that this RSRQ handover threshold would be a rather static parameter, based on any used E-UTRA RSRQ handover threshold and some additional hysteresis.  For this reason, we believe it would be acceptable to report only RSRP to the network, whenever RSRQ is better than a configurable threshold.
Given the assumption that a preconfigured minimum RSRQ threshold would be an acceptable way forward, we focus in the remainder of this contribution on the techniques proposed in GERAN to report RSRP in a smaller number of bits.

5. RSRP report mapping with 6 bit resolution
While it may not be critical to respond to GERAN on the exact report mapping before RAN4#49, we provide some initial thinking on the possible RSRP report mapping with 6 bit resolution for the result. In this case, there are 64 available code-words, 34 fewer than the 98 that would be needed to report RSRP with the same range and resolution as in E-UTRA.
Possible ways to reduce the number of code-words include reducing the reporting range, or reducing the resolution. GERAN has proposed reducing resolution and we agree that there may be benefits in not reducing the reporting range to GERAN compared to the one that is already agreed for E-UTRAN. Reducing the resolution would mean that some code-words would need to be spaced 2dB apart. Part of the range could still be covered with 1dB resolution, however. 

When considering which part of the range could remain covered with 1dB resolution, ideally this would be the part of the range where handover from GSM to E-UTRA would be likely to occur. This may depend on deployment scenarios (eg such as target E-UTRA bandwidth) and operator tunings so we anticipate that it could be hard or impossible for RAN4 ever to recommend a truly optimal mapping for all cases to GERAN. Nevertheless, it seems less probable that handover would be triggered either at the lowest end of the RSRP range (because the target cell would be so weak that it would be preferable to stay on GSM) or conversely the highest end of the RSRP range (because good E-UTRA service could be obtained before that point). One proposal could be to have a mapping where the improved resolution is provided in the centre of the (-140…-44dBm) RSRP reporting range. Such a proposal is shown below as a possible way to specify RSRP report mapping within 6 bits, although we do not present this as an optimal mapping, and are open to other suggestions on which area of the range might be covered with 1dB resolution.
	 Reported value 
	Measured quantity value 
	Unit 
	Reported value
	Measured quantity value
	Unit
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP<-140
	dBm
	RSRP_21
	-103<=RSRP<-102
	dBm
	RSRP_42
	-82<=RSRP<-81
	dBm

	RSRP_01
	-140<=RSRP<-138
	dBm
	RSRP_22
	-102<=RSRP<-101
	dBm
	RSRP_43
	-81<=RSRP<-80
	dBm

	RSRP_02
	-138<=RSRP<-136
	dBm
	RSRP_23
	-101<=RSRP<-100
	dBm
	RSRP_44
	-80<=RSRP<-79
	dBm

	RSRP_03
	-136<=RSRP<-134
	dBm
	RSRP_24
	-100<=RSRP<-99
	dBm
	RSRP_45
	-79<=RSRP<-78
	dBm

	RSRP_04
	-134<=RSRP<-132
	dBm
	RSRP_25
	-99<=RSRP<-98
	dBm
	RSRP_46
	-78<=RSRP<-76
	dBm

	RSRP_05
	-132<=RSRP<-130
	dBm
	RSRP_26
	-98<=RSRP<-97
	dBm
	RSRP_47
	-76<=RSRP<-74
	dBm

	RSRP_06
	-130<=RSRP<-128
	dBm
	RSRP_27
	-97<=RSRP<-96
	dBm
	RSRP_48
	-74<=RSRP<-72
	dBm

	RSRP_07
	-128<=RSRP<-126
	dBm
	RSRP_28
	-96<=RSRP<-95
	dBm
	RSRP_49
	-72<=RSRP<-70
	dBm

	RSRP_08
	-126<=RSRP<-124
	dBm
	RSRP_29
	-95<=RSRP<-94
	dBm
	RSRP_50
	-70<=RSRP<-68
	dBm

	RSRP_09
	-124<=RSRP<-122
	dBm
	RSRP_30
	-94<=RSRP<-93
	dBm
	RSRP_51
	-68<=RSRP<-66
	dBm

	RSRP_10
	-122<=RSRP<-120
	dBm
	RSRP_31
	-93<=RSRP<-92
	dBm
	RSRP_52
	-66<=RSRP<-64
	dBm

	RSRP_11
	-120<=RSRP<-118
	dBm
	RSRP_32
	-92<=RSRP<-91
	dBm
	RSRP_53
	-64<=RSRP<-62
	dBm

	RSRP_12
	-118<=RSRP<-116
	dBm
	RSRP_33
	-91<=RSRP<-90
	dBm
	RSRP_54
	-62<=RSRP<-60
	dBm

	RSRP_13
	-116<=RSRP<-114
	dBm
	RSRP_34
	-90<=RSRP<-89
	dBm
	RSRP_55
	-60<=RSRP<-58
	dBm

	RSRP_14
	-114<=RSRP<-112
	dBm
	RSRP_35
	-89<=RSRP<-88
	dBm
	RSRP_56
	-58<=RSRP<-56
	dBm

	RSRP_15
	-112<=RSRP<-110
	dBm
	RSRP_36
	-88<=RSRP<-87
	dBm
	RSRP_57
	-56<=RSRP<-54
	dBm

	RSRP_16
	-110<=RSRP<-108
	dBm
	RSRP_37
	-87<=RSRP<-86
	dBm
	RSRP_58
	-54<=RSRP<-52
	dBm

	RSRP_17
	-108<=RSRP<-106
	dBm
	RSRP_38
	-86<=RSRP<-95
	dBm
	RSRP_59
	-52<=RSRP<-50
	dBm

	RSRP_18
	-106<=RSRP<-105
	dBm
	RSRP_39
	-95<=RSRP<-84
	dBm
	RSRP_60
	-50<=RSRP<-48
	dBm

	RSRP_19
	-105<=RSRP<-104
	dBm
	RSRP_40
	-84<=RSRP<-83
	dBm
	RSRP_61
	-48<=RSRP<-46
	dBm

	RSRP_20
	-104<=RSRP<-103
	dBm
	RSRP_41
	-83<=RSRP<-82
	dBm
	RSRP_62
	-46<=RSRP<-44
	dBm

	
	
	
	
	
	
	RSRP_63
	RSRP<=-44
	dBm


Table 1 : Possible RSRP mapping which fits reported value within 6 bits
6. RSRP report mapping with 3 bit resolution

In the case where RSRP needs to be reported in 3 bits, it seems clear that it is not possible to cover the entire reporting range with acceptable resolution as there are only 8 RSRP code-words that can be chosen. In [1] an exemplary encoding was given and is reproduced in figure 1.
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Figure 1: Exemplary RSRP encoding for E-UTRAN measurement reporting taking into account reduced reporting resolution of 3 bits.

In this example encoding the idle mode cell reselection threshold has been used as a reference point, but in discussions with our GERAN colleagues we have the understanding that it may also be feasible for GERAN signalling to explicitly indicate via dedicated signalling a threshold for the switching point between code point “0” and code point “1”. From an intersystem handover point of view, we would support this approach, since there may exist an argument for performing handover of an active connection at a slightly different point, compared to an idle user. For example, it might be desirable to hand over only to slightly better E-UTRAN cells to ensure quality of service, whereas it might be acceptable to hand over an idle user to a slightly weaker cell. Also, cell reselection thresholds can vary between different GERAN cells, but the UE is not required to decode the value from the system information it performs a GSM handover (rather than reselection), so there could be some ambiguity to the network as to which threshold value is actually being used if it would be based on reuse of the cell reselection threshold.
It is assumed that this threshold is chosen so that if codeword “0” is reported, the network has no interest in performing a handover, as the reported RSRP is too low to consider the possibility.

From a RAN4 perspective, the main aspects to consider are whether reporting RSRP over an 18dB range, with 3dB granularity would be an acceptable basis for GERAN to E-UTRAN handover decisions. It could also be considered to use a 12dB range with 2dB granularity, or even a 6dB range with 1dB granularity.

Our initial view is that 18dB RSRP range above a configurable threshold should allow sufficient flexibility in handover triggering, and that it is desirable to cover a wider range, rather than provide high resolution in measurement reports. As previously noted, inter system handover is not usually time critical, so 3dB step size may also be acceptable. Alternatively as for the case of 6 bit RSRP encoding in section 5 the approach of using different step sizes could also be applied here. However, this is a clear point for further discussion in RAN4.. Therefore, we welcome feedback on the ranges and step sizes which would be needed to ensure good handover performance.
7. Conclusions

In this contribution we have presented some analysis with a view to helping to respond to the GERAN liaison statement in [1]. Our understanding is that the important issue to respond to GERAN in the first instance is whether RAN4 sees 6 or 3 bit measurement reports as sufficient for handover purposes from GERAN to E-UTRA. To answer this question, RAN4 could consider

· If the RSRQ part of the handover criteria may be adequately reflected by a threshold in the UE, or whether both RSRP and RSRQ would need to be reported to the GSM Base Station Subsystem for handover evaluation
· If some mapping function such as the one provided as an example in section 5 would be sufficient for reporting RSRP within 6 bits. It would not be necessary to provide full details of an exact mapping function during RAN4#47bis, but on the other hand RAN4 would need to be confident that such a mapping function could be developed.
· If some preconfigured threshold and a concept such as the one shown in figure 1 would be adequate for handover decision based on 3 bit RSRP value. It would not be necessary to define the full details of a solution during RAN4#47,. But on the other hand RAN4 would need to be confident that a sufficient range and accuracy of reporting around the threshold could be established.

It is proposed that these issues are discussed further, and a response liaison statement to GERAN and GERAN2 should be prepared to indicate the feasibility or otherwise of their signalling proposal. Depending on the outcome of discussions, a further response liaison statement may be necessary once RAN4 has considered additional details.
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