Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #85bis
Tdoc R2-141306
Valencia, Spain, 31st March – 4th April, 2014

Agenda Item:
7.7
Source:
Ericsson
Title:
Capabilities and signalling support for low cost MTC feature
Document for:
Discussion, Decision

1 Introduction

Within the scope of low-cost Machine Type Communication (MTC) work item, it is agreed to introduce a new UE category termed as category 0. One challenging aspect of this new category is that it is less capable than all legacy categories, e.g. with respect to transport block size, bandwidth and the number of resource blocks that can be received simultaneously. Therefore some signaling solutions are expected to be different from the usual way of introducing signaling support for new features. The purpose of this contribution is to discuss signaling support for category 0 UEs.
2 Discussion
2.1 Impact on SIB1

It is already agreed to add an indicator bit in SysteminformationBlockType1 to inform the UE whether the cell supports category 0 or not but so far nothing is agreed about the behavior upon the presence/absence of the bit. It could be possible to define a new procedure for actions upon the reception of the indicator bit or reuse some existing procedures. It seems that a new procedure is not needed because it is easily possible to make use of the cell barring concept. It is therefore proposed is to consider the cell barred if the bit is absent, i.e.
Proposal 1 If SystemInformationBlockType1 does not indicate support of category 0 and the UE is of category 0, consider the cell as barred.
Cell barring should have the desired effect because then the UE will not try to camp on a cell that does not support category 0.
2.2 Impact on Msg1
Once the UE has camped on the cell after reading the indicator bit in the system information, the eNB needs to be able to detect whether a UE is of category 0 or not already upon the reception of random access request. Otherwise it may violate category 0 limitations upon the transmission of Msg2 or random access response, e.g. by sending a message that is composed of too many resource blocks. It is therefore important to discuss where and how the indication of category 0 could be placed in the uplink signaling. Some possible solution candidates are discussed and outlined below.
Option 1: Assume all UEs are of category 0
If the eNB advertises support of category 0 in SIB1, it could in principle make a conservative assumption that all camped UEs are of category 0. Accordingly it could be ensured that category 0 limitations are respected even if the exact UE category and capabilities are unknown by the eNB. The advantage is that no changes are needed for the Msg1. Even though this solution would be very easy to specify it would have an adverse impact on network implementations and performance, which is not acceptable. So there are reasons to rule out this option.
Option 2: MTC specific preambles
Preamble partitioning could provide information about the category already in Msg1 as proposed in [1]. The eNB could signal the number of MTC specific preambles in the system information and the MTC specific preambles could further be a subset of dedicated preambles. The advantage is that these preambles could identify category 0 UEs already after the reception of Msg1. The disadvantage is that the category 0 UE cannot make use of the properties of non-dedicated preambles. For example, it cannot belong to either group A or B because groups A and B are defined for non-dedicated preambles. 

Option 3: Preamble sharing between legacy and MTC devices
The preamble partitioning could also make use of non-dedicated preambles and a subset of preamble could be overlapping with preambles aimed for legacy UEs as (again) proposed in [1]. The chief advantage is that the legacy UEs would have the same amount of non-dedicated preambles as before whereas category 0 UEs would use only a subset of them. The eNB would be able to ensure that the transmission of Msg2 would never violate any category 0 limitations even though the eNB does not know the UE category. If the shared preambles are a subset of non-dedicated preambles, category 0 cannot make use of dedicated preambles which is undesirable. A separate indicator is further needed in Msg3 such that the eNB can obtain definite indication whether the UE is of category 0 or not.
Option 4: Configurable overlapping preamble area

It could also be possible to combine option 2 and 3. The preamble partitioning could be movable in the sense that the shared preamble subset could be placed anywhere within dedicated and non-dedicated preambles. This would require an extension for additional preamble information where the eNB could point out the first and the last preamble of subset for category 0 UEs. The shared preamble subset could be partially (or completely) overlapping with both non-dedicated preambles and non-dedicated preambles. In other words, option 4 leaves the trade-off between advantages and disadvantages up to the network configuration. It is therefore proposed to adopt this solution.
Proposal 2 Introduce an extension for additionalPreambleInfo that points out the first and the last preamble for category 0 UEs.
Similar to option 3, the downside is that a separate indicator is still needed in Msg3 such that the eNB is able to obtain definite indication of whether the UE is of category 0 or not. It is therefore motivated to look further possibilities to extend Msg3 to convey such an indication.
2.3 Impact on Msg3

It is generally more difficult to extend Msg3 than other messages because Msg3 has a very small fixed size. One implication of the strict size limitation is the absence of mechanisms for non-critical extensions, which is the most typical way of extending messages. Therefore, some alternative extension solutions are discussed and outlined below.
Option 1: Spare bits in establishment cause value

There are two spare bits for the establishment cause values. In principle, it could be possible to define one of these below outlined spare values to indicate support of category 0.
EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, spare2, spare1}
A problem arises, since an indication of category 0 is not an establishment cause. Consequently, this option means that the UE could not indicate support of category 0 and an establishment cause at the same time. It can be argued that a category 0 UE may request a connection e.g. for emergency or highPriorityAccess purposes and it is unacceptable to ignore that type of information. It is therefore motivated to rule out this option.
Option 2: Spare bit in the message
There is one spare bit in the message that could be defined as an indication for category 0. So, the UE could indicate both support of category 0 and a cause value at the same time.
RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))
}
The spare bit would probably be the easiest and most straightforward way forward but it may be difficult to motivate why precisely category 0 is so important that it should be allocated the only available spare bit in the message. Once the spare bit is used, the possibilities to extend the message become more limited.
Option 3: Critical extension
Similar to all messages, there is a possibility to create a critical extension to Msg3 by replacing the empty sequence in the message root with a choice structure to allow a new branch. 
RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensionsFuture


SEQUENCE {}

}

}
If the critical extension is supported whenever the eNB supports category 0 and it is further specified so that only category 0 UEs make use of this new extension upon transmission of RRC connection request, it should be possible to indicate support of category 0 in Msg3. The main benefit of this solution is that it is possible to leave the spare bit in the message untouched and similarly save the two spare bits for cause values for future use. It should be noted that the critical extension does not provide the indication for free because the choice structure with two entries requires one bit which means that the new branch cannot have a spare bit in the message. In other words, the message cannot be branched arbitrarily many times.
Option 4: Message class extension
There is also a possibility to create a new message class, i.e. a new version of Msg3 for category 0 UEs. The new message class could be created by replacing the empty sequence in the message type definition with a choice structure. It could be used in the same manner as the critical extension as described-above, i.e. only category 0 UEs is permitted to send the message. In that way, the eNB knows from the message class that the UE is of category 0.
-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
SEQUENCE {}
}

-- ASN1STOP

The new message class would have the same advantages as a critical extension. It would further decouple the feature from the legacy which could be beneficial. There are some downsides as well because it may potentially impact other specifications with existing references to Msg3. It should be noted that the message class extension does not provide the indication for free either because, similar to critical extension, a choice structure with two entries requires one bit which means that the new extended message class cannot have a spare bit. So, it is impossible to create arbitrarily many versions of this message.
It seems that either a critical extension or message class extension are the most promising ways forward because the introduction of category 0 merely warrants the use of the only spare bit available in the message and similarly indication of category 0 should be possible together with an establishment cause value. This conclusion is captured in the following proposal,
Proposal 3 Indicate support of category 0 in Msg3 by using either a critical extension or a new message class extension that is only used by category 0 UEs.
One important remark regarding the critical extension and message class extension approaches is that they do not necessarily exclude each other. If the message is e.g. critically extended now, it is possible to create a new message class later on and vice versa.
3 Conclusion
In this contribution, signaling support for category 0 UEs is discussed. The conclusions are captured in the following proposals; 
Proposal 1
If SystemInformationBlockType1 does not indicate support of category 0 and the UE is of category 0, consider the cell as barred.
Proposal 2
Introduce an extension for additionalPreambleInfo that points out the first and the last preamble for category 0 UEs.
Proposal 3
Indicate support of category 0 in Msg3 by using either a critical extension or a new message class extension that is only used by category 0 UEs.


Draft CRs for the two possible alternatives from proposal 3 are presented in R2-141308 and R2-141309 respectively. Which one of the solution alternatives should be used is left as a subject for discussion.
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