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1
Introduction

3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [RP-141660] with the following main objectives:

-
Reduced UE bandwidth of 1.4 MHz in downlink and uplink;

-
Reduced maximum transmit power;

-
Reduced support for downlink transmission modes;

-
Further UE processing relaxations.

Besides, RAN1 #79 sent an LS to RAN2 informing the current status on SIB [R1-145416]:

RAN1 has agreed that coverage enhancement of PRACH (RACH message 1) will be achieved through repetition of the legacy PRACH formats. Multiple PRACH repetition levels will be supported. RAN1 has agreed as a working assumption that the maximum number of levels is 3 (i.e. 4 if the case without repetition is included). The number of levels should be configurable by eNB up to the maximum number.

RAN1 has also agreed to define one or more additional PRACH time/frequency resource regions for UEs operating CE, apart from the regions for the legacy PRACH configuration. Within such regions, code multiplexing of UEs will be possible through allocation of different PRACH preamble sequence groups to UEs with different repetition levels. Other details are for further study.

Furthermore, RAN1 has agreed that PRACH is used to identify Rel-13 low complexity UEs. The details are for further study.

The random access response (RAR) messages for Rel-13 low complexity UEs and UEs operating coverage enhancements (CE) are transmitted separately from RAR messages for other UEs. Also, RAR intended for Rel-13 low complexity UEs and UEs operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

After the initial random access procedure, for a physical channel using repetition for coverage enhancement, the repetition level is up to the network.

Another LS [R1-145454] was sent to RAN2 informing the current working status on Paging as below:

-
Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.

-
Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

-
For paging, from RAN1 perspective, the following are beneficial

-
The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

-
If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.

In this contribution, we analyze the implications to RA/Paging procedure.
2
Discussion

2.1
RAR transmission 

During the RA procedure, a UE needs to be aware of the scheduling information containing the modulation and coding scheme and resource block assignment to receive the RAR after transmitting the preamble. As per exiting specification, the RAR MAC PDU is scheduled on the downlink via PDCCH, with corresponding message content carried on PDSCH. The eNB processes all preambles detected during a specific RACH opportunity in the corresponding RAR PDU which is addressed to a RA-RNTI. The value of RA-RNTI is derived from the subframe index of the associated RACH opportunity. Each UE that generates a preamble during a given RACH opportunity will look for the corresponding RA-RNTI on the PDCCH during the associated RACH Response Window, which starts three subframes after the end of preamble transmission and continues for the number of subframes specified by ra-ResponseWindowSize [36.321]

2.1.1
RAR transmission without physical control channel

In order to reduce the overhead of control channel for Rel-13 low complexity UEs, a semi-static resource allocation for RAR message could be used to detect the PDSCH transmission without the operation of physical control channel for MTC [R1-144562].

Determining the PRB allocation for RAR might be problematic without the instruction from control channel. In order to realize the blind detection, it is proposed that the RAR is always allocated with six contiguous PRBs within frequency region which is mapped to the PRACH resource in the predefined or configured manner. This could simplify the resource allocation detection procedure however restricts the spectral efficiency and the scheduling flexibility.

Besides, the UE also needs to understand exactly when the network should transmit the RAR message. With the control-less solution, the UE cannot know the exact subframe at which the PDSCH transmission occurs; it may blindly decode the transport block over PDSCH from the predefined frequency region at each subframe within the RACH response window.

There might be a scenario that multiple UEs look the same narrow band frequency location for the RAR message due to the system bandwidth limitation of the cell. In case that the response windows of different UE overlap, there is risk that a UE may attempt to decode the RAR message addressed to other UE. This may also lead to the increase of the UE power consumption due the continuous reception attempt and the situation could be even worse if the repetition or TTI bundling on PDSCH is applied. 

Observation 1: The blind decoding of the PDSCH within the RACH response window suggests extra UE power consumption.
In addition, there might be risk that the system does not always have enough contiguous regions for RAR within the narrowband areas for all the UEs if they initiate the RA procedure at the same RACH opportunity. The UE needs to retransmit the preamble if no RAR is received in the RA response window which will increase the latency for accessing the network. Furthermore, this would reduce the RA capacity due to the limited number of users accessing the network at the same time, which could be problematic since most MTC use cases envision a huge number of MTC devices accessing the network concurrently.  

Observation 2: The control-less design for the RAR transmission is at the cost of increased latency and degraded system performance.
2.1.2
RAR transmission with physical control channel

The scheduling assignment and control from the physical downlink control channel could provide more scheduling flexibility and efficient spectral resource utilization to adapt to the various radio link qualities. Nevertheless, it is still addressing potential challenges.

UE needs to monitor physical control channel for detecting a potential RAR message within the RA response window as per existing specification. For Rel-13 low complexity UEs which work in separate narrowband frequency region than other types of UEs, the existing common search space of physical control channel may not be valid. As a result, the Rel-13 low complexity UE needs to be aware of the “frequency region” for searching corresponding physical control channel, which could be pre-defined based on some UE specific information or broadcasted by the system information.

Observation 3: The Rel-13 low complexity UE needs to have the knowledge of the specific “Physical Control Channel for MTC” region for scheduling RAR message.  

The PDSCH repetition/TTI bundling makes it is possible to multiplex the response for the preambles detected during a specific RACH opportunity in the same MAC RAR PDU. Each UE may have different requirement for coverage improvement during RA procedure, the multiplexing of the RARs from UEs with different repetition level/TTI bundle size may lead to either failed reception of MAC RAR PDU due to insufficient number of repetition or waste of DL resource because of the excessive repetition.

Observation 4: The RAR records in the same MAC RAR PDU shall address Rel-13 low complexity UEs with the same repetition level/TTI bundle size.
For FDD UE, RA-RNTI is decided by the sending timing (subframe) of PRACH preamble by UE. The same RA-RNTI would be used for different UEs if they send preamble at the same subframe but from different system frame. The repetition of the preamble may lead to the overlap of the response windows among different UEs. Therefore for those UEs which are applying the same RA-RNTI, there might be control channel collision in the same subframe. In these subframes, the UE would detect more than one physical control channel which may not be destined to it. This brings confusion to the UE and unnecessarily costs the UE power and processing efforts. 

Therefore, solutions are expected to avoid such overlapping caused by the repetition.As agreed by RAN1, there would be multiple repetition levels in one cell, and there might be one to one mapping between the different repetition level and PRACH resource set. In this view, the repetition level or/and other aspects may be considered to improve the RA-RNTI derivation thus the RA-RNTI assignment for different UEs could be separated.

In addition, the ra-ResponseWindowsize defines earliest time and latest time when the network can transmit the RAR. If the UE cannot decode RAR within the window, it will retransmit the preamble again. It might be beneficial to extend the value range of the ra-ResponseWindowsize to increase the probability of physical control channel reception within the response window to avoid unnecessary preamble retransmission. In addition, there could also be one to one mapping between different repetition level and ra-ResponseWindowsize, which could be signalled by eNB via system information.
Observation 5: The optimization of the RAR reception is expected to avoid potential control channel collision due to the repetition.

2.2
Paging transmission 

In order to accommodate DRX in idle mode, the eNB must be able to schedule the paging message transmission in the appropriate TTI and indicate the scheduled PDSCH resource in PDCCH with P-RNTI. The system information messages provide the necessary DRX parameters to enable a UE to calculate listening times which are termed as PO and PF [36.304]. 

2.2.1
Capability indication for new type of UE or UE in CE mode

As indicated in the LS [R1-145454] from RAN1, the eNB needs to know whether the UE to be paged is a Rel-13 low complexity UE and/or is a UE that is to be paged using CE. This can, for example, apply the Rel-12 similar approach, i.e. adding new parameter in UE capability message which will be transparently delivered to MME and later be provided at paging from MME.

Observation 6: Rel-12 approach for indicating Cat-0 capability during paging procedure could be extended to support the Rel-13 low complexity UE. 

Coverage enhancement is referring to the techniques to improve the coverage for the UEs operating the delay tolerant MTC applications, therefore it could not be considered as one specific capability of a UE. In addition the UE supporting the coverage enhancement may not always stay in coverage extension area, it seems not sensible to indicate the CE status of UE inside the UE capability message.

However, it is still beneficial that the MME could be informed whether the UE is operating in CE mode by some other means, and this information could be stored and then provided to eNB during the paging procedure later. Besides, the alignment of the CE level between UE and MME shall be guaranteed in order to ensure the eNB could apply the correct TTI bundle size/repetition level for transmitting paging message, thus to prevent unnecessary repetition or unreliable reception of the paging message.

Observation 7: The coverage enhancement requirement shall be aligned among UE, eNB and MME. 

2.2.2
Paging transmission without physical control channel

Similar to the RAR transmission without physical control channel, the UE specific paging solution is proposed from [R1-144562] that a paging message for a Rel-13 low complexity and/or coverage enhanced UE can be separately encoded per UE with predefined semi-static resource allocation. Each paging message is always allocated with six contiguous PRBs within frequency region mapped to the UE identity in the predefined or configured manner.

However the control-less paging transmission are facing the same issues as RAR transmission as discussed in 2.1.1. With the control-less solution, the UE cannot know if the PDSCH transmission for paging occurs at a PO, it may blindly decode the transport block over PDSCH at each PO from each PF. In addition for those UEs which monitor the same PO for detecting the presence of paging message, there is risk that a UE wrongly makes attempt to decode the paging message addressed to other UE. This would lead to the increase of the UE power consumption due the continuous reception attempt and the situation could be even worse if the repetition or TTI bundling on PDSCH is applied. 

Observation 8: The control-less scheme needs the blind decoding of PDSCH at each PO and may lead to excessive UE power consumption.

In addition, there might be risk that the system does not always have enough contiguous regions for paging message within the narrowband areas for all the UEs which are expecting the potential paging message from the same PO/PF. If it is impossible to send the paging message in the first PO due to lack of the resource, the paging messages for some UEs might be scheduled in subsequent POs according the DRX cycle. This would result in the delay for responding the service request initiated from network especially if the DRX cycle is extended in the future. 

Observation 9: The control-less design for the paging transmission might increase the latency for the service request procedure.
2.2.3
Paging transmission with physical control channel

There are also similar challenges addressed for paging transmission scheduled by physical downlink control channel although it could provide more scheduling flexibility and efficient spectral resource usage.

Firstly, the Rel-13 low complexity UE needs to be aware of the “frequency region” for searching corresponding physical control channel, since they are allocated to be operating in separate narrowband frequency region than other type of UE. Such information could be broadcast in system information or pre-defined based on some UE specific information.

Observation 10: The Rel-13 low complexity UE needs to have the knowledge of the specific “Physical Control Channel for MTC” region for scheduling paging message.  

A paging record refers to the paging information of one particular UE in the RRC paging message and several UEs can be addressed in the same message. In case of the PDSCH repetition/TTI bundling, the multiplexing of the paging records from UEs with different repetition level/TTI bundle size may lead to either failed reception of RRC paging message due to insufficient number of repetition or waste of DL resource because of the excessive repetition.

Observation 11: The paging records in the same RRC paging message address Rel-13 low complexity UEs with the same repetition level/TTI bundle size. 

The repetition of the physical control channel might be required in case of worse air interface quality; as a result it may happen that the physical control channel (re)transmissions for different UEs occur in the same subframe. In these subframes, the UE would detect more than one physical control channel which may mislead the UE and unnecessarily costs the UE power and processing efforts. 

Therefore, solutions are expected to avoid such overlapping caused by downlink control channel repetition. For example that the existing PO/PF calculation might need enhancement and separate P-RNTI might be defined according to the repetition level of each UE.

Observation 12: The optimization of the paging procedure is expected to avoid potential control channel collision due to the repetition.

3
Conclusion

This contribution analyzed the implications from the potential RA/Paging approaches for supporting the Rel-13 low complexity UEs. Given the analysis and observations in chapter 2, each solution has strengths as well as weaknesses. However  scheduling the RAR/paging message with the control channel has less impact to the system performance, in addition considering the similarity with existing procedure, it may need  less effort from specification and implementation point of view. 
Proposal: RAN2 takes above observations into consideration when discussing the RA/Paging procedure enhancement for Rel-13 low complexity UEs.




