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1. Introduction

In RAN2 #72bis meeting, there are some discussions regarding whether there is the need for “activation time” for UE to apply the measurement restriction pattern [3] when it is modified. In particular, the concern is that ABS restriction pattern in TDM eICIC is possibly a cell wide configuration, for example a pattern defined in an area is used by multiple eNBs for macro-pico load balancing. The semi-static ABS pattern configuration may change on the network side due to different load balancing requirements and load dynamics. During the transition period of the ABS pattern change due to changes of network configuration, there may be mismatch between the current ABS pattern used by the network and UE’s configured ABS pattern, e.g.,
· eNB has already changed the ABS pattern, but some UEs are not aware of the change

· eNB has changed the configuration for some UEs and these UEs start to apply the newly configured ABS pattern, however the eNB has not yet applied the new ABS pattern

If the transition time is short, it is a small glitch and likely any mismatch problem mentioned will not be a major concern. However if the transition time is relatively long, .e.g., the eNB has to spend some time in order to reliably signal all impacted UEs, it may cause severe RLM/RRM problem on impacted UEs.
In this paper, we estimate the typical transition period during configuration change.

2. Estimation of the transition time during ABS modification 
The signalling latency involved may include the following (not a complete list), as shown in Figure 1:
· PHY transmission latency, which is limited by the capacity of the network and depends on how many impacted UEs the network must signal individually using dedicated RRC signalling. We assume that an eNB uses all its resources to signal ABS pattern change with high priority, i.e., no scheduling latency due to other data or signaling.
· HARQ retransmission. It is typical to assume 3 retransmissions may be needed to ensure acceptable reliability, for some UEs. 
· RLC layer. RLC layer latency comes from

· ARQ retransmissions, which could be considered rare if we assume HARQ corrects most of the errors. For simplicity this is not modelled.
· ARQ fragmentation. The whole message may be fragmented and transmitted in different TTIs, based on eNB scheduler. For simplicity, this effect is not modelled.
· ARQ acknowledgement. To ensure reliable RRC message delivery, eNB can only be confident that RRC message delivery succeeded after ARQ acknowledgement
· Uplink access latency for sending ARQ acknowledgement. Not modelled with details but instead a 10ms uplink transmission time is assumed, upon successful reception of the RRC message at UE. 









Figure 1 simple modelling of latency involved during ABS pattern modification

The details of calculation are in the appendix. Here we present the results on air-interface latency in Table 1, based on the very rough model, and the time scale is more relevant than the actual number.
Table 1 estimation of latency of dedicated signaling
	Frame configuration
	Estimated time to signal all impacted UEs

(PHY+HARQ+ARQ)

	FDD
	44ms

	TDD 0
	70ms

	TDD 1
	60~75ms

	TDD 2
	50~65ms

	TDD 3
	60~90ms

	TDD 4
	50~80ms

	TDD 5
	50~80ms

	TDD 6
	60~90ms


Observation 1: the eNB should at least allow 50ms~100ms (depending on frame structure) grace period upon the start of signalling of ABS pattern change, before new configuration can be applied. 

The time scale of the transition time for some configurations is quite long compared to the time scale of RLM window, and often is simply dominated by HARQ retransmission regardless the number of impacted UEs to signal and what MCS is used. In real life we expect the overall transition time could be much longer, as what is not shown by the table is the small-probability events that for some UEs the signalling procedure could take much longer, e.g. due to ARQ fragmentation or more than typical HARQ/ARQ retransmissions, as well as scheduling delays. Such worst case latency is the main factor impacting the transition time during ABS pattern modification. 
There would be issues if UE is not clear at which exact time the new ABS configuration would take effect. For example, if UE always applies ABS pattern as soon as new configuration is received, one can expect for some UEs there would be a period of time the applied ABS pattern on UE side mismatches with the actual one used by network (e.g. UE applies new pattern too soon). One could expect a 100+ ms interval where there is ABS pattern mismatch would cause severe problems on UE RLM/RRM and CQI.

Proposal 1: RAN2 should discuss whether the transition time during network-side ABS pattern modification is a concern.
3. Methods for avoiding mismatch during network-side ABS modification 
Based on the discussion so far, it is desirable that eNB should be able to handle such variation in signalling latency and ensure all the impacted UEs to have a smooth transition during network-side ABS pattern modification.

If RAN2 agree such glitch during transition as a problem to solve, there could be a few possible solutions, for example
1. Broadcast ABS pattern in SIB and follow SIB modification procure. This is not following the current dedicated signalling framework, and requires more spec change which may not be desirable at this stage of Rel-10.
2. Specification defines that the change takes effect from the next k (e.g. k=1) SIB modification period boundary. SIB modification period has a minimal value of min (modificationPeriodCoeff * defaultPagingCycle) = 2×32 =64 frames, which is sufficient for this purpose. The network however may have to inform UE to differentiate between per-UE based configuration update (to take effect immediately) or network-wide configuration update (to take effect at the next SIB update boundary), and UE handling will be different depends on this indication.
3. In the dedicated RRCConnectionReconfiguration, eNB signals the actual time (e.g. absolute SFN) the change would take effect. This is more flexible than solution-2. In particular if the ABS pattern update is indeed just for a particular UE (e.g. when UE is to be offload to a pico), not due to network-wide ABS pattern change, the eNB can indicate (e.g. via the absence of this optional field) the pattern should take immediate effect which is a desirable behaviour. A sample CR is provided in the Appendix.
Here we assume the activation time is only critical for pattern-1 (serving RLM/RRM); and maybe not very critical for pattern-2 (neighbour measurements) or pattern-3 (CQI). This would require a bit less change in the specification. For example, eNB implementation can treat CQI during transition time unreliable and try to use existing or conservative MCS. But a more careful study is recommended.
Proposal 2: If an activation time is required, RAN2 should discuss the approach to signalling this activation time to the impacted UEs, and which restriction patterns should be associated with it.
4. Conclusions
Proposal 1: RAN2 should discuss whether the transition time during network ABS pattern modification is a concern.
Proposal 2: If an activation time is required, RAN2 should discuss the approach to signalling this activation time to the impacted UEs, and which restriction patterns should be associated with it.
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Appendix 

I. Latency estimation
1. Message size of RRCConnectionReconfiguration in ABS pattern reconfiguration
Based on ASN.1 PER, we estimate the required RRCConnectionReconfiguration binary size to be the sum of the following

· 4 x (20 ~ 70) bits for 4 instances of TimeDomainResourceRestriction-r10 defined below (1 used for serving RLM, 1 used for neighbour RRM, 2 used for CQI; which gives a total of 4), where 20~70 depends on FDD/TDD subframe configuration as shown below.
· 230 bits, all other required fields in RRCConectionReconfiguration ( a rough count)
· 40 bits = 5 bytes, PDCP header overhead
· 16+ bits = 2+ bytes, RLC AM overhead

Thus the total binary size would be at least 370 bits, up to 570 bits, depending on FDD/TDD subframe configurations

TimeDomainResourceRestriction information element
-- ASN1START

TimeDomainResourceRestriction-r10 ::= CHOICE {


resourceRestrictionFDD-r10



BIT STRING (SIZE(40)),


resourceRestrictionTDD-r10



CHOICE {



subframeConfig1-5-r10




BIT STRING (SIZE(20)),



subframeConfig0-r10





BIT STRING (SIZE(70)),



subframeConfig6-r10





BIT STRING (SIZE(60))

}

}
-- ASN1STOP
2. RB usage

If we assume the worst case, in which 1 RB has 3 PDCCH symbols, 2 CRS antenna ports and 1 DMRS port, excluding all other control overheads (DM-RS, PSS/SSS …), there are (14-3)*12-24 = 108 REs usable for data.

We assume for UEs in the victim cells, a conservative MCS such as QPSK1/2 is used. For 370 bits message size, with 24 bits CRS it would take 4 RBs under QPSK1/2; and for 570 bits, it would take 6 RBs under QPSK ½.
3. Impacted UE

Previously in RAN1 study, some 47+% UEs may be in pico CRE range and will be impacted by ABS pattern change [1]

 REF _Ref277003839 \r [2]. We assume a number of 100 impacted UEs in a cell.

4. Transition time

For 10MHz DL BW, 1 subframe has 50 RBs. Therefore the transition time (in order to signal all impacted UEs) is roughly given by the follow equation, where N is the number of RBs used per UE. We round up the results to the frame granularity.
Initial TX latency = 100 / (50 / N ) = ?? subframes => ?? FDD/TDD frames

5. Additional delay due to HARQ and ARQ

For simplicity, we ignores the HARQ timing details for different FDD/TDD frame structures and asynchoronous nature of DL HARQ, but simply consider a typical range in retransmission latency. We assume worst case 3 retransmissions to achieve a reasonable reliabilty to the upper layer.
Finally we assume at least another frame latency (10ms) to obtain ARQ acknolwedgement in the uplink, i.e., quite optimistic.
	
	DL / UL ratio
	RRC message 

size (bits)
	RB used 

per UE (N)
	PHY Latency 

( rounded to frame)
	HARQ re-TX

3 times 
	Total 

With ARQ-ACK

	FDD
	1:1
	450 
	5
	10 sf => 1 frame
	24ms
	44ms

	TDD 0
	4:6
	570
	6
	12 sf => 3 frame
	30ms
	70ms

	TDD 1
	6:4
	370
	4
	8 sf => 2 frame
	30~45ms
	60~75ms

	TDD 2
	8:2
	370
	4
	8 sf => 1 frame
	30~45ms
	50~65ms

	TDD 3
	7:3
	370
	4
	8 sf => 2 frame
	30~60ms
	60~90ms

	TDD 4
	8:2
	370
	4
	8 sf => 1 frame
	30~60ms
	50~80ms

	TDD 5
	9:1
	370
	4
	8 sf => 1 frame
	30~60ms
	50~80ms

	TDD 6
	5:5
	530
	5
	10 sf => 2 frame
	30~60ms
	60~90ms


II. Sample CR on 36.331
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5.3.10.0
General

The UE shall:

1>
if the received radioResourceConfigDedicated includes the srb-ToAddModList:

2>
perform the SRB addition or reconfiguration as specified in 5.3.10.1;

1>
if the received radioResourceConfigDedicated includes the drb-ToReleaseList:

2>
perform DRB release as specified in 5.3.10.2;

1>
if the received radioResourceConfigDedicated includes the drb-ToAddModList:

2>
perform DRB addition or reconfiguration as specified in 5.3.10.3;

1>
if the received radioResourceConfigDedicated includes the mac-MainConfig:

2>
perform MAC main reconfiguration as specified in 5.3.10.4;

1>
if the received radioResourceConfigDedicated includes sps-Config:

2>
perform SPS reconfiguration according to 5.3.10.5;

1>
if the received radioResourceConfigDedicated includes the physicalConfigDedicated:

2>
reconfigure the physical channel configuration as specified in 5.3.10. 6.

1>
if the received radioResourceConfigDedicated includes the rlf-TimersAndConstants:

2>
reconfigure the values of timers and constants as specified in 5.3.10.7;
1>
if the received radioResourceConfigDedicated includes the rrm-rlm-ResourceRestriction:

2> if the received radioResourceConfigDedicated includes the resourceRestrictionActivationTime:
3> perform the RRM/RLM measurement resource restriction for the serving cell as specified in 5.3.10.x starting from SFN= resourceRestrictionActivationTime;
2> if the received radioResourceConfigDedicated does not include the resourceRestrictionActivationTime:
3>
perform the RRM/RLM measurement resource restriction for the serving cell as specified in 5.3.10.x;
[…..]
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–
RadioResourceConfigDedicated
The IE RadioResourceConfigDedicated is used to setup/modify/release RBs, to modify the MAC main configuration, to modify the SPS configuration and to modify dedicated physical configuration.

RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2


sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON

...,


[[
rlf-TimersAndConstants-r9


RLF-TimersAndConstants-r9

OPTIONAL

-- Need ON


]]

[[
rrm-rlm-ResourceRestrictionConfig-r10
RRM-RLM-ResourceRestrictionConfig-r10



OPTIONAL,
-- Need ON


resourceRestrictionActivationTime-r10
BIT STRING (SIZE (8))

OPTIONAL 


–- Need OP

]]
}

RadioResourceConfigDedicatedSCell-r10 ::=
SEQUENCE {


-- UE specific configuration extensions applicable for an SCell


physicalConfigDedicated


PhysicalConfigDedicatedSCell-r10
OPTIONAL,
-- Need ON


...

}

SRB-ToAddModList ::=



SEQUENCE (SIZE (1..2)) OF SRB-ToAddMod

SRB-ToAddMod ::=
SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}

DRB-ToAddModList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond Setup


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond Setup


...

}

DRB-ToReleaseList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity
RRM-RLM-ResourceRestrictionConfig-r10 ::=
SEQUENCE {

rrm-rlm-ResourceRestriction-r10


TimeDomainResourceRestriction-r10
OPTIONAL
-- Need OR
}
-- ASN1STOP

	RadioResourceConfigDedicated field descriptions

	srb-Identity

Value 1 is applicable for SRB1 only.

Value 2 is applicable for SRB2 only.

	rlc-Config

For SRBs a choice is used to indicate whether the RLC configuration is signalled explicitly or set to the values defined in the default RLC configuration for SRB1 in 9.2.1.1 or for SRB2 in 9.2.1.2. RLC AM is the only applicable RLC mode for SRB1 and SRB2. E-UTRAN does not reconfigure the RLC mode of DRBs except when a full configuration option is used, and may reconfigure the UM RLC SN field size only upon handover within E-UTRA or upon the first reconfiguration after RRC connection re-establishment.

	mac-MainConfig

Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explictly or set to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defaultValue".

	sps-Config

The default SPS configuration is specified in 9.2.3.

	physicalConfigDedicated

The default dedicated physical configuration is specified in 9.2.4.

	logicalChannelConfig

For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the default logical channel configuration for SRB1 as specified in 9.2.1.1 or for SRB2 as specified in 9.2.1.2.

	logicalChannelIdentity

The logical channel identity for both UL and DL.

	rrm-rlm-ResourceRestriction
RRM/RLM resource restriction pattern for the serving cell measurements (RSRP, RSRQ and the radio link monitoring),

	resourceRestrictionActivationTime

The absolute time in SFN that UE shall apply rrm-rlm-ResourceRestriction.
















































For this UE1, when should new pattern take effect?
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