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1.
Introduction
The issue on PDCCH search space definition during random access procedure was raised in the last WG1 and WG2 meetings [1, 2] and discussed later on the WG1 e-mail reflector [3]. The problem appears when UE has to monitor PDCCH both for the adaptive retransmissions of the random access Message 3 assigned with T-CRNTI and for UL grant or DL assignment signalled with CRNTI for contention resolution.  The agreed maximum number of blind decodings allows searching only from one UE specific search space defined by either T-CRNTI or CRNTI in a subframe. On the other hand, the common search space has a limited capacity and cannot accommodate PDCCHs for adaptive retransmissions if they are frequent.    
2.
Discussion

2.1 Signalling options for Message 3 adaptive retransmissions and for contention resolution 
The following three of the several presented alternatives can be considered as the most relevant:
Alternative 1: Adaptive retransmissions of Message 3 are signalled only through common search space. The UE specific search space is defined by CRNTI if that is valid; otherwise it is defined by T-CRNTI.
Alternative 2 [1]: UE specific search space is defined by T-CRNTI when it is valid for the UE. Base station uses T-CRNTI defined search space when sending PDCCH with CRNTI for contention resolution or PDCCH for message 4.   

Alternative 3: If UE has only T-CRNTI, UE specific search space is defined by T-CRNTI. When UE has both T-CRNTI and CRNTI, UE specific search space is defined by CRNTI, except that it is defined by T-CRNTI in those subframes where signalling for adaptive retransmissions of Message 3 is possible. 

From networks perspective, Alternative 1 covers also the proposal of Ref. [2] that only non-adaptive retransmissions of message 3 are used (because network can always choose to use only non-adaptive retransmissions). Excluding completely the possibility of adaptive retransmissions would mean that PDCCH processing load would be smaller during the initial access compared with the load after random access. Because we think this is not a good enough reason to exclude adaptive retransmissions, we have not included the proposal of Ref. [2] in our list of options.

It has been proposed [3] that all signalling with T-CRNTI, even for message 4 of initial access, should take place on common search space.  This would mean one PDCCH in the common search space for every transmitted or retransmitted message 4, which would lead to unacceptable load. As already assumed in Ref. [1], it seems obvious that PDCCHs for message 4 assignments must be sent in the UE specific search space defined by T-CRNTI. 
2.2 Comparison of the alternatives
Alternative 1 is simple because switching between T-CRNTI and CRNTI defined UE specific search spaces does not happen: In case of initial access, T-CRNTI becomes UE’s CRNTI after successful contention resolution, and in the other cases, UE specific search space would be defined by CRNTI all the time. Apparently, Alternative 2 should be selected if adaptive retransmissions of messages 3 were seldom needed. We expect that at most 2 or 3 retransmissions of message 3 are typically configured due to delay constraints. Then power adjustment could be typical for message 3 retransmissions, meaning that retransmissions would typically be adaptive.  We therefore propose that alternatives 2 and 3 are considered.

In other than initial access, Alternative 2 means switching from CRNTI to T-CRNTI defined UE specific search space when message 3 is transmitted initially and back to CRNTI defined search space after failing or successful contention resolution. A drawback of the switching is that UE would be blind to DL-SCH assignments (PDCCHs  at CRNTI defined search space)  for several tens of ms in the worst case. Another drawback is the difficulty of avoiding the situation that network and UE are assuming different search spaces. UE should basically switch to the CRNTI defined search space after receiving PDCCH whose CRC is masked with CRNTI. However, if eNB fails in decoding of the PUSCH transmission (granted with the contention resolution PDCCH) it does not know for sure which search space to continue with because if UE had failed to receive the contention resolving PDCCH UE would still continue checking for PDCCHs from the T-CRNTI defined search space.
Both drawbacks of Alternative 2 are at least partly relieved in Alternative 3. Because the initial grant for message 3 can be given only in the random access response, Alternative 3 would mean that if UE had both CRNTI and T-CRNTI the search space would be defined by T-CRNTI only in one out of eight subframes in FDD and in UL/DL configuration dependent fraction of subframes in TDD. There would thus be subframes where eNB knows for sure which UE specific search space UE is checking for PDCCHs. When UL resources are granted in those subframes the success of random access does not depend on reception of a single PDCCH. The TDD configuration with only one UL subframe per 10 ms is an exception where Alternative 2 and 3 are equivalent as far as random access due to UL data arrival is concerned. However, Alternative 3 is beneficial even in that configuration if contention based random access is started by eNB due to DL data arrival or HO because then also PDCCH with DL-SCH assignment ends contention resolution and these 
3.
Summary
We presented our view on UE specific search space definition:

· When UE has only T-CRNTI, the UE specific search space is defined by T-CRNTI.

· When UE has both CRNTI and T-CRNTI, the UE specific search space is defined by CRNTI except that it is defined by T-CRNTI in those subframes where PDCCHs for adaptive retransmissions of message 3 can exist. 

Furthermore, UE should be allowed to decode PDCCHs simultaneously from both the T-CRNTI and CRNTI defined search spaces if the number of blind decodings is not a problem for its implementation. 
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