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1 Introduction

In RAN2#85bis, RAN2 took the working assumption that the UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5, and sent an liaison statement to RAN1 asking whether the eNB needs to know the single receive antenna restriction (capability of low complexity UE) before Msg5 (RRCConnectionSetupComplete), i.e. for scheduling Msg2 or paging. In the last meeting, RAN2 discussed whether there is any gain for RAR if an indication is sent in Msg1, and if the size of UE capabilities are small enough, i.e. less than 1000bits. If low complexity and “normal” UEs use different RACH resources, the eNB would know whether the RAR message is intended for a low complexity or a “normal” UE. The eNB could then adjust the RAR transmission power levels and/or amount of user multiplexing appropriately to achieve the target cell edge BLER for all UEs. As RAN WG1 stated in [5], some RAR BLER increase for low complexity UEs at the cell border can be considered as acceptable and considering the simulations showing that there is not much to be gained in RAR for overhead reduction [6], RACH preamble partitioning, is not worth the effort. In this contribution, we discuss the single receive antenna capability, whether the UE needs to indicate its low complexity capability in Msg1, Msg3, or Msg5, and the impact of TBS limitation on BSR.
2 Discussion

2.1 Single Receive Antenna Capability

The low complexity UE type does not require the implementation of a dual antenna receiver. A single receive antenna UE should in principle be able to support the same transmission modes etc. as Category 1 UE. However, a single antenna receiver will typically perform worse than a dual antenna receiver. RAN4 is specifying a separate set of performance requirements for UEs with single antenna receivers. UE requirements should be defined for all combinations of low complexity UE features. Considering that introducing a single receive antenna feature for the existing UE categories, i.e. Category 1 to 10, is not within the scope of the low complexity UE WI [1], and there would be a need to define UE requirements for all combinations of low complexity UE features, it is beneficial to couple the new UE category with the single receive antenna feature. It should be sufficient to capture this in RAN4 specifications in the form of relaxed (single received antenna) performance requirements for the new UE category.
Proposal 1 Single receive antenna capability is a property of the newly introduced category for low complexity UEs.

2.2 TBS limitation and its impact on BSR
RAN2 had the following working assumption in RAN2 #85bis: “UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5 (RRCConnectionSetupComplete). A low complexity UE supporting only 1000 bit UL TBS shall restrict its BSR to less than 1000 bit until having provided the UE capabilities to the eNB or having received the first RRCConnectionReconfiguration message so that the network can restrict all UL grants accordingly.” The buffer status reporting procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE. The status of buffer is useful for the eNB for uplink scheduling. A BSR is triggered if any of the following events occurs:
· New UL data becomes available in the UE for transmission 

· If the UE has already sent a BSR (i.e. waiting for a grant) and higher priority data arrives for transmission

· Updating the eNB about the current status of the buffers

· Retransmitting BSR
In RAN2#85bis, RAN2 took the working assumption that a low complexity UE supporting only 1000 bit UL/DL TBS shall restrict its BSR to less than 1000 bit until having provided the UE capabilities to the eNB or having received the first RRCConnectionReconfiguration so that the network can restrict all UL grants accordingly. Therefore once the network is informed that the UE is a low complexity UE, it would be possible for the UE to report a value greater than 1000 bit if there is data in the buffers even though the network would restrict the UL grants accordingly. However, the eNB can give a grant larger than what the UE requests in the BSR (even if it is less than 1000 bit), until the network is aware of the TBS limitation, if resources are available to compensate the uncertainty in data arrival due to delay, i.e. if a UE is uploading a file and the data is arriving in the UE transmission buffer asynchronously with respect to the grants it receives from the eNB. The UE cannot override the grant from the eNB and the grant is to transmit a certain TBS on a set of PRBs. Modifying the TBS means changing either the MCS or the PRB allocation. If the UE has uplink data which is less than what is granted by the eNB for transmission, padding is needed to make the overall data payload equal to the grant. In short, it is possible that a low complexity UE, which restricts its BSR to less than 1000 bit, may be granted with a TBS of size larger than 1000 bits.
Observation 1 A low complexity UE, which restricts its BSR to less than 1000 bit, may be granted with a TBS size larger than 1000 bits if resources are available.

We have the following options to address this problem:
1. Assuming that a low complexity UE would be granted with a TBS size larger than 1000 bits rarely until UE category is provided as part of UE context, this can be left to error handling. We can agree on the working assumption in RAN2#85bis and therefore no indication or blind TBS restriction is required. Some performance degradation and delay can be expected due to occasional errors.
2. RAN2 has the following agreement from a previous meeting: “A low complexity UE may access a cell only if SIB1 indicates that access of low complexity UEs is allowed.” This can be coupled with the TBS restriction, i.e. a cell, where SIB1 indicates that access of low complexity UEs is allowed, should always restrict the TBS to 1000 bit for UL and DL until UE category is provided as part of the UE context. However, this would be quite inefficient for scheduling and thus have an impact on the network performance as well as introducing limitations for future releases.
3. Low complexity UEs can send an indication in Msg1, Msg3, or Msg5. We will analyze this option in further detail below.
The size of the following RRC messages for connection establishment; Msg1, Msg2, and Msg3, is smaller than 1000 bit and it is less likely that these messages are extended beyond 1000 bits in the future considering the impact on the network performance due to coverage issues. 
Proposal 2 A low complexity UE does not indicate its capability in Msg1.
Msg4 (RRCConnectionSetup) always needs to be built according to Rel-8 assumptions and even if new functionality is added in future releases, it cannot contain much more than what a Rel-8 UE can handle. Msg5 (RRCConnectionSetupComplete), on the other hand, could carry a NAS message and therefore may have a size larger than 1000 bit. It can be segmented if needed, i.e. RLC-SAP: AM for RRCConnectionSetupComplete, but this would still require the network to know the TBS limitation in advance. See Table 6.3.1.1-1 in [4] for typical message sizes for RRC connection establishment.
Observation 2 Msg5 (RRCConnectionSetupComplete) could carry a NAS message and therefore may have a size larger than 1000 bit which would require an indication to be sent in Msg3.
One should also consider the RRC downlink/uplink information transfer (NAS Authentication and Security Mode) messages since they may be sent before UE category information is provided as part of the UE context. Even though RRC connection reconfiguration messages, (RRCConnectionReconfiguration, RRCConnectionReconfigurationComplete) are smaller than 1000 bits [4], sending an indication in Msg5 at the latest can be an option to avoid any problems.

An indication in Msg3 can be sent in RRC or MAC layer. We will analyze these options as Alternatives 1 and 2 in the next section.

2.2.1 Indicating the capability in Msg3 (Alt 1)
In general, it is more difficult to extend Msg3 than other messages because it 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, we discuss some alternative extension solutions below.

Alternative 1a: 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}

However, indication of category 0 is not an establishment cause and consequently this alternative would mean that the UE cannot indicate 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. Therefore we rule out this option.

Alternative 1b: Spare bit in the message
There is one spare bit in the message that could be defined as an indication for category 0. With this alternative, 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.
Alternative 1c: 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 and save the two spare bits for cause values for future use. Note 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.

Alternative 1d: Message class extension
It is also a possible to create a new message class, i.e. a new version of Msg3 for category 0 UEs. The new message class can be created by replacing the empty sequence in the message type definition with a choice structure. It can 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 case, 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.
2.2.2 Indicating the capability in Msg3 (Alt 2)

An indication in Msg3 can also be sent in the MAC layer considering that Buffer Status Report (BSR) is specified in TS 36.321. The shortest available MAC subheader is the R/R/E/LCID subheader which is used for fixed sized MAC SDUs.
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Figure 1: R/R/E/LCID sub-header
The MAC header of Msg3 for initial access is of fixed size and consists of the following fields [8]:

-
LCID: The Logical Channel ID field identifies the logical channel CCCH with LCID=00000.
-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The Extension field is set to “0” which indicates the absence of more fields in the MAC header. The MAC SDU corresponding to CCCH starts at the next byte. The E field is set to "1" to indicate another set of at least R/R/E/LCID fields.
-
R: Reserved bit, set to "0".
One of the reserved bits R in the MAC PDU subheader of Msg3 for initial access can be used along with LCID=00000 to send an indication of the low complexity UE or TBS restriction. The LCID=00000 for UL-SCH indicates the CCCH on UL-SCH. See [7] for details. This would require no additional messages and since the size of Msg3 for initial access would not be larger than it currently is, the solution impacts neither latency nor coverage.
Proposal 3 The UE shall indicate its low complexity capability using the Reserved bit (R) in the MAC header Msg3 for initial access.
3 Conclusion

In this contribution, we discuss the single receive antenna capability, whether the UE needs to indicate its low complexity capability in Msg1, Msg3, or Msg5, and the impact of TBS limitation on BSR. In section 2 we made the following observations:
Observation 1
A low complexity UE, which restricts its BSR to less than 1000 bit, may be granted with a TBS size larger than 1000 bits if resources are available.
Observation 2
Msg5 (RRCConnectionSetupComplete) could carry a NAS message and therefore may have a size larger than 1000 bit which would require an indication to be sent in Msg3.


Based on the discussion in section 2 we propose the following:
Proposal 1
Single receive antenna capability is a property of the newly introduced category for low complexity UEs.
Proposal 2
A low complexity UE does not indicate its capability in Msg1.
Proposal 3
The UE shall indicate its low complexity capability using the Reserved bit (R) in the MAC header Msg3 for initial access.
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