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Introduction
This document discusses search space during eMTC random access procedure. It especially discusses the search space relation among RAR, message 3 and message 4. This document distinguishes message 4 for contention resolution and message 4 for RRCConnectionSetup message.

Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Rel.8 random access procedure
Search space handling of Rel.8 is different between when UE has C-RNTI and when UE does not have C-RNTI. The sequence is shown in [1] and copied in figure 1.
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Fig.1 Rel.8 random access procedure and search space

Although the case with C-RNTI needs the discussion separately for eMTC, for now, to focus on UE without C-RNTI would be important as this is used for the initial access procedure. 
In the above figure, message 4 is described as contention resolution. It means this PDSCH contains "the UE Contention Resolution Identity included in the MAC control element". If "this UE Contention Resolution Identity" matches with contents in message 3 (= the CCCH SDU transmitted in Msg3), UE can know message 3 transmission is successful. Until this reception, UE needs to be ready for the possibility of message 3 retransmission.
Successful contention resolution does not always mean UE has C-RNTI afterward. C-RNTI based UE specific search space is enabled after UE successfully receives the PDSCH contains RRCConnectionSetup message. Although above figure 1 without C-RNTI shows the case that message 4 PDSCH contains both UE Contention Resolution Identity and RRCConnectionSetup message, our understanding is the specification does not mandate the PDSCH always contains both RRCConnectionSetup and the UE Contention Resolution Identity. It can be the same PDSCH or it can be different PDSCH.

eMTC random access procedure
In RAN1#82, following is agreed.
	Agreement:
· Working assumption: 
· M-PDCCH common search space (CSS) is necessary at least for paging and RAR
· Note: the name may be revisited if there is issue identified
· If CSS is necessary, 
· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes
· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband
· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported


In RAN2#91, following is agreed.
	Support HARQ with repetitions for all unicast transmissions after RAR.



Based on RAN2 agreement, HARQ transmission of message 3 is suported in eMTC similar to Rel.8. UE needs to be ready to receive both
- M-PDCCH to request message 3 retransmission (same with M-PDCH for unicast PUSCH, TC-RNTI scrambled) and
- M-PDCCH to indicate message 4 for contention resolution (same with M-PDCCH for unicast PDSCH, TC-RNTI scrambled)
as UE doesn't know successful reception of message 3 by eNB. Therefore, the search space of above two MPDCCH needs to be same. 
RAR is not necessary to be cell common search space but RAR is received to the search space corresponding to selected PRACH. This search space is shared by UE with the same repetition level.
If HARQ retransmission of message 3 is not supported, the search space for RAR and the search space for message 4 as contention resolution can be different. This may relax the congestion of search space of each case. On the other hand, if RAR level selection is wrong, not to have retransmission of message 3 means to repeat PRACH procedure from the beginning. This increases more overhead/delay of random access procedure. Therefore, we think HARQ retransmission of message 3 is essential as agreed in RAN2.
Three cases of message 3 reception is illustrated in Fig.2. In case 1, transmission of message 3 is decoded successfully by eNB, then eNB transmits message 4 to solve the contention finally. If the UE ID is carried message 4 matches with the UE, the access succeeds. Otherwise, PRACH attemp restarts. In case 2, RAR is received successfully but CRC check of message 3 by eNB is not passed. The retransmission of message 3 is granted by MPDCCH. In case 3, RAR is not received successfully and message 3 is not sent by UE. The RAR is retransmitted by eNB. No detection of message 3 is realized by energy detection of message 3 by eNB implementation. Or depending on the choosed target BLER of RAR, eNB decides the assumption is case 2 or case 3. The three cases also illustrate it is necessary to use same M-PDCCH CSS for messge 4, MPDCCH granting message 3 retransmission and MPDCCH granting RAR. 
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Fig.2 Three cases of message 3 reception

Proposal 1: M-PDCCH CSS for RAR corresponds to the selected PRACH level. There can be multiple search spaces in a cell corresponds to each PRACH level.
Proposal 2: M-PDCCH CSS for RAR corresponding to selected PRACH level is also used for retransmission indication of message 3. This M-PDCCH is TC-RNTI scrambled. 
Proposal 3: M-PDCCH CSS for RAR corresponding to selected PRACH is also used for the indication of message 4 for the contention resolution. 

Message 4 PDSCH for the contention resolution may contain RRCConnectionSetup for the initial configuration of C-RNTI specific search space. Or PDSCH with RRCConnectionSetup may be sent later separately from message 4 PDSCH for the contention resolution. Until UE receives PDSCH with RRCConnectionSetup, UE keeps to use the same search space RAR corresponding to selected PRACH.
Proposal 4: M-PDCCH CSS for RAR corresponding to selected PRACH is also used until UE receives PDSCH with RRCConnectionSetup. 

In above procedures, the same M-PDCCH CSS was used. The physical narrowband used for this M-PDCCH CSS can be hopped within the system bandwidth but the logical narrowband is always same.
Proposal 5: M-PDCCH CSS for RAR corresponding to selected PRACH can have hopping over the system bandwidth. It located within the same logical narrowband.

In addition to CSS corresponding to selected PRACH, after the reception of message 3, if search space ECCE position is determined by RNTI, TC-RNTI based search space is possible as far as this search space is located in the same narrowband. At this moment, how ECCE positions in the unicast search space are determined is not yet concluded. Whether to receive TC-RNTI based search space or not can be determined after more progress of unicast search space.

Conclusion
We propose following.
Proposal 1: M-PDCCH CSS for RAR corresponds to the selected PRACH level. There can be multiple search spaces in a cell corresponds to each PRACH level.
Proposal 2: M-PDCCH CSS for RAR corresponding to selected PRACH level is also used for retransmission indication of message 3. This M-PDCCH is TC-RNTI scrambled. 
Proposal 3: M-PDCCH CSS for RAR corresponding to selected PRACH is also used for the indication of message 4 for the contention resolution.
Proposal 4: M-PDCCH CSS for RAR corresponding to selected PRACH is also used until UE receives PDSCH with RRCConnectionSetup.
Proposal 5: M-PDCCH CSS for RAR corresponding to selected PRACH can have hopping over the system bandwidth. It located within the same logical narrowband.
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