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1
Introduction
In RAN1#79, it was agreed that –

· 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.

In addition, RAR message intended for Rel-13 low-complexity UE and/or UE in enhanced coverage can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels. In this contribution, we further consider the issue of RAR transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
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RAR Transmission
Figure 1 shows the MAC PDU containing RAR message. Each response contains a MAC RAR is of size 48 bits and MAC subheader of size 8 bits. In addition, there is an E/T/R/R/BI MAC subheader of size 8 bits in each MAC PDU. 
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Figure 1. MAC PDU for RAR (36.321).
Table 1 shows the approximate number of subframes that would be required to transmit MAC PDU with various number of RAR records. As shown in the tables, for a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually. For example, 300 subframes would be required to send a MAC PDU containing 4 RAR records, whereas 4*140 = 560 subframes would be required to send 4 RAR records separately. This is due to the Turbo coding gain with larger packet sizes as well as from the reduction in CRC overhead.

Table 1. Approximate number of subframes required for 1% BLER – 6 PRBs, SNR=-14.2dB, EPA1.
	No of RAR records
	1
	2
	4
	8

	No of subframes
	140
	240
	300
	540


Observation 1: For a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually.
The PDSCH repetition/TTI bundling makes it 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 multiplex 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 downlink resource because of the excessive repetition.
Proposal 1: The RAR records in the same MAC RAR PDU shall address UEs with the same repetition level/TTI bundle size.
In order to reduce the overhead of control channel for Rel-13 low complexity UEs, a semi-static resource allocation for RAR message can be defined. This would allow the UE to be able to detect PDSCH transmission without the need to decode EPDCCH. However, this would require the RAR message size to be fixed (e.g. only one RAR record in the MAC RAR PDU or a fixed set of RAR messages in order to reduce UE blind detection effort). As shown in Table 1, this is inefficient. Furthermore, RAR is not sent at a fixed time but within a response window. With the control-less solution, the UE may not know the exact subframe at which the PDSCH transmission would occur; it may blindly decode the transport block over PDSCH from the predefined frequency region at each subframe within the RACH response window. As a result, RAR transmission without control channel may increase overhead and UE power consumption.
Proposal 2: RAR transmission is scheduled by an associated control channel (e.g. using CSS (E)PDCCH).

Figure 2 illustrates possible transmission options for the control channel that schedules RAR transmission. Two options for control channel timing are possible –
a) The possible starting subframes of the control channel are determined from the end of the PRACH transmission plus a fixed offset (e.g. 3 subframes as in legacy RAR transmission). In this case, the RAR response window starts after a fixed subframe offset and contains multiple possible control channel opportunities. However, control channel timing for subsequent transmissions (e.g. RRC connection request and RRC connection set up messages) may be different.
b) The possible starting subframes of the control channel are configured separately via the M-SIB. In this case, the UE always look for the DCI starting at specific subframes. For RAR, the first control channel occasion after the PRACH transmission would be the starting point of the RAR response window. With this approach, control channel timing for subsequent transmissions would be the same.
Note that in both options, the number of repetition to be used by the control and data channels can be specified by the M-SIB or predefined based on the number of repetition for the preamble. Further study is needed to determine which option is more beneficial.
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Figure 2. Example of control channel timing for RAR transmission.
For coverage enhancement, CDM/TDM/FDM multiplexing schemes are supported in order to allow the network full control of the PRACH configuration. In addition, it was agreed to define additional time-frequency resource region(s) for coverage enhancement UEs. These regions will be apart from the regions for the legacy PRACH configuration. Figure 3 provides an example of PRACH configurations with three additional PRACH resource sets – one for Rel-13 LC-MTC UE, one for PRACH coverage enhancement level 1, and one for PRACH coverage enhancement level 2. Note that Figure 3 illustrates the FDM multiplexing scheme as an example only, and TDM and CDM can be easily supported as well.
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Figure 3. Example of PRACH configurations for Rel-13 LC-MTC UEs and coverage enhancement UEs.
Currently, the DCI for RAR is distinguished via the RA-RNTI. The RA_RNTI is defined as RA-RNTI = 1 + t_id + 10*f_id. Given the presence of additional PRACH configurations and large number of repetition needed for control channel coverage enhancement, it is possible that the DCI for different random access responses with the same RA-RNTI may overlap in time. This problem may be severe at large coverage enhancement level (e.g. at 155.7 dB MCL, EPDCCH-based control channel would require 17dB extension, resulting in more than 100 repetitions). While it may be possible to avoid this overlap through implementation, this would restrict eNB flexibility in configuring the PRACHs. Thus, RA-RNTI collision issue should be studied further and potential solutions should be considered. For example, the RA_RNTI definition may be modified to include a term based on the coverage enhancement level or an index of PRACH occasion that maps to the same control region.   
Proposal 3: Study potential RA-RNTI conflict due to multiple PRACH configurations and control channel repetition, and consider modifications to RA-RNTI definition.

3
Conclusion
In this contribution, we consider RAR transmission and make the following observations and proposals–

Observation 1: For a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually.

Proposal 1: The RAR records in the same MAC RAR PDU shall address UEs with the same repetition level/TTI bundle size.
Proposal 2: RAR transmission is scheduled by an associated control channel.

Proposal 3: Study potential RA-RNTI conflict due to multiple PRACH configurations and control channel repetition, and consider modifications to RA-RNTI definition.
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