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1. Introduction
At RAN2#78 meeting RAN2 discussed signalling issue of special subframe mainly based on [1][2]. And RAN2 agreed that newly introduced special subframe format i.e. ssp9 (6:6:2) corresponding to ssp5 (3:9:2) and ssp7 (5:5:2) corresponding to ssp4 (3:7:2) are signalled to UE by SIB1. CR proposal [3] is taken as baseline. Issues related to common control channel e.g. PCCH and BCCH is left for FFS and one email discussion is kicked off to discuss these two issues. However RACH procedure is not in the scope of the email discussion. In this paper we discuss RACH related procedure after considering newly introduced special subframe format and try to figure out whether there is  potential impact on the specification or not, which also should be clarified clearly.
2. Discussions
Before introducing special subframe format UE is aligned with network in terms of usage of DwPTS because only one special subframe format is broadcasted in SIB1. After introducing special subframe, it is still true for legacy UE. However for R11 UE, now there are two special subframe formats now and the essential difference between these two formats is whether PDSCH transmission is available or not. So it is necessary to align UE and network’s behaviour.For the RACH procedure there could be 2 basic approaches:
Alt1: extra symbols in the new special subframe will be used for RACH procedure i.e. message2 or message4 for R11 UE, if possible.

Alt2:  extra symbols in the new special subframe will be not used for RACH procedure 

Before we go to compare these two alternatives, let’s start to look into the feasibility whether these extra symbols can be used for RACH procedure or not.
Contention-free RACH procedure:
It is clear that UE can be identified based on dedicated preamble by the eNB. Because so far contention-free RACH procedure will only be triggered for UE in RRC-CONNECTED state, So actually eNB know whether legacy UE or new UE sent the dedicated preamble based on their UE capability information downloaded from MME. In this case it is possible that eNB can send message2 in the extra symbols, if it wants.

Contention-based RACH procedure:

UE can’t be identified by the eNB before eNB receive message3. So it is impossible for eNB to send message2 over extra symbols in this case. 

If UE has not entered RRC-CONNECTED state, RACH procedure is used to transit RRC state. So there is no UE context available in the eNB including UE’s capability information. In this case eNB still can’t decide whether extra subframe can be used to send message4 even the UE is identified based on message3. If UE has entered RRC-CONNECTED state, UE will be identified based on the C-RNTI in the message3. So far RACH is mainly used for handover, RRC re-establishment, SR failure, PDCCH order during RRC-CONNECTED state. In all these cases UE’s context including UE’s capability information is available. So in this case eNB can send message4 over extra symbols if it wants.

Observation1: for contention-free RACH procedure, message2 can be sent over extra symbols of new special subframe

Observation2: for contention-based RACH triggered during RRC-CONNECTED state, message4 can be sent over extra symbols of new special subframe
Now let’s look into the two listed alternatives. Alt1 means there is no special treatment for R11 UE i.e. R11 UE will monitor PDCCH of new special subframe for both message 2 and message4. Based on observation1 and observation2, it can also work for these related 2 cases. In order to not impact legacy UE, message2 for R11 UE of contention-free RACH can be sent independently i.e. RAR of R11 UE is not bound with legacy UE within same message2, which is an implementation issue of eNB. For contention-based RACH procedure message4 on new special subframe is obviously only intended for new R11 UE., otherwise, competing legacy UEs will miss this message4 and they will realize RACH failure when contention-resolution timer expires. It may delay these legacy UE to re-transmit preamble after backoff. While the benefit for R11 UE is their contention resolution will be shortened due to the fact they have more chance to receive message4 in time domain. If the message4 is intended for legacy UE, then message4 will not be sent over new special subframe. In that case nothing is changed for both legacy UE and new R11 UE. 
Pro of alt1: no impact on specification. And contention resolution of new R11 UE can be shortened.

Con of alt1: legacy UE’s contention resolution might be delayed for RACH procedure if message4 is only intended for R11 UE and transmitted over new special subframe. 
Alt2 means new R11 UE behave just like legacy UE. There is no newly introduced performance difference  for legacy UE and R11 UE. But since these it is feasible for R11 UE to receive these extra symbols, so it is necessary to clarify in the specifications that R11 UE should not receive message2 and message4 during special subframe.
Pro of alt2: simple modelling. no newly introduced performance difference for legacy UE and R11 UE

Con of alt2:  need clarify in the specification that UE will not receive message2 and message4 during new special subframe
Based on above analyses for alt.1 and alt.2, sensible eNB’s implementation will be that it will send message2 for contention-free RACH procedure triggered by new R11 UE and maybe send message4 over new special subframe when more and more R11 UEs are on the market and it is intended for R11 UE. Sensible UE’s behaviour could be that it will monitor message2 for contention-free RACH procedure only i.e. not message2 for contention-based RACH procedure. And it will regard the special subframe as a common DL subframe and always monitor special subframe for message4. 
3. Conclusions
Proposal1: DwPTS  of new special subframe can be used for RACH procedure triggered by R11 UE in RRC-CONNECTED state.
Proposal2: No special UE behaviour need be specified.
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