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Discussion/Decision
1
Introduction
In Rel-13 low-complexity UE WI [1], the additional required capabilities on top of the Rel-12 low-complexity UE capabilities have been listed under three categories such as cost reduction, coverage enhancement, and reduced power consumption. As a part of further cost reduction, the followings have been agreed as candidate techniques:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Reduced maximum transmit power.

· Reduced support for downlink transmission modes.

· UE processing relaxations

In addition, the followings were agreed in RAN1 #78bis to focus on the sync channel, PBCH and PRACH to see if the Rel-12 agreements can be reused even with additional required capability for the Rel-13 low-complexity UE which includes reduced UE power consumption:

Agreements:

· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered
Therefore, in this contribution, we focus on the potential issues to support PRACH and PBCH for Rel-13 low-complexity UE.

2
PRACH
The PRACH coverage enhancement issues were actively discussed during Rel-12 WI and a significant progress was made. The followings are agreements made during Rel-12 WI and captured in the chairman’s notes.
Agreements in RAN1 #74bis [2]:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
Agreements in RAN1 #75 [3]:

· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs.
· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this.

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.
· FFS: Power ramping is supported
· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc).

Given that the existing PRACH is a narrow band transmission, it can be used for the bandwidth limited Rel-13 low-complexity UE, therefore existing PRACH format can be reused for the Rel-13 low-complexity UE. Furthermore, all Rel-12 agreements and working assumptions are still applicable for Rel-13 low-complexity UE with additional limitations and requirements. For example, Rel-13 low-complexity UE may have lower maximum transmission power (e.g., 20dBm) but it could be considered as a part of coverage limitation which may only affect the number of repetitions for each coverage enhancement level. In addition, power consumption reduction can be also considered by minimizing the number of repetitions per UE by using multiple coverage enhancement level configurations which is also part of Rel-12 agreements. From these observations, it is hard to find any motivation and justification to revisit the Rel-12 agreements and working assumption for PRACH coverage enhancements. Therefore, it is strongly recommended to confirm that all Rel-12 agreements and working assumptions for PRACH coverage enhancement is kept as it is for Rel-13 low-complexity UE and focus on the open issues only in order to avoid unnecessary standard efforts.
Proposal-1: confirm that all Rel-12 agreements and working assumptions for PRACH coverage enhancement are kept as it is.
As a continuation of the PRACH coverage enhancement from Rel-12, following open issues may need to be discussed for further progress:

· The number of repetitions for each CE level
· PRACH resource definition for multiple CE levels

· UE behaviour to select a CE level for PRACH transmission

· Relaxing detection probability in CE mode

· Etc.

It has been discussed that how the coverage limited UE selects a CE level for PRACH preamble transmission as up to 3 CE levels can be configured by eNB based on Rel-12 working assumption. A couple of options were discussed during Rel-12 and one of the options was UE determine the CE level based on downlink measurement and another option was starting from the lowest level. In order to minimize the power consumption for RACH procedure, it seems to be important that a UE determine the right CE level in order to reduce the number of trials. Therefore, the option where UE determines the CE level based on the downlink measurement seems to be more appropriate in order to reduce the power consumptions as well as the resource waste.

Proposal-2: UE determines the CE level for PRACH preamble transmission based on downlink measurement.
3
PBCH
In Rel-12, the coverage enhancement of PBCH was actively discussed and RAN1 reached consensus for a couple of issues, for example, repetition method for PBCH. The followings are the agreements captured in RAN1 chairman’s notes related to PBCH coverage enhancement:

Agreements in RAN1 #74bis [2]:

· Repetition should be specified as a method to improve coverage.
· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
Agreements in RAN1 #75 [3]:

· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until the next meeting which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”
· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:
· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

Option C: Repetition based on pattern(s) across a given number of cycles.
Since the PBCH is transmitted in the center 6 PRBs, the bandwidth limited Rel-13 low-complexity UE is still able to receive the PBCH in the normal mode and the agreed repetition techniques still can be used as well in coverage enhanced mode. However, in Rel-12, the agreements had been made based on the assumption that ‘keep trying’ method can be used together with PBCH repetition where the ‘keep trying’ method could increase the detection probability of the PBCH with extended detection window by increasing the number of trials for the PBCH reception, thus resulting in longer the PBCH reception time. Relying on ‘keep trying’ method may increase UE power consumption since it increases the number of reception trials so that the UE active time for PBCH reception will be increased. Therefore, RAN1 need to re-investigate the usage of ‘keep trying’ method for PBCH enhancement for Rel-13 low-complexity UE.

Proposal-3: the usage of ‘keep trying’ method should be re-investigated in a viewpoint of UE power consumption. 

Minimizing the number of PBCH repetition for the target coverage enhancement level may provide the benefit of reduced UE power consumptions and increased resource utilization. In Rel-12, it was agreed that the same PBCH is used for repetition as it can reuse the legacy PBCH as a part of the repetitions as well. However, it may not be the best way to keep the same PBCH for repetition since there are some contents in the MIB which are not even used for coverage limited Rel-13 low-complexity UE since it may not need to know the downlink system bandwidth and PHICH configuration from the beginning as it cannot receive PDCCH for SIB reception anyhow due to its limited bandwidth capability. Also, the number of repetition will be limited to non-MBSFN subframe as the PBCH is transmitted with CRS. Therefore, it is worthwhile to reopen the possibility of new PBCH design for coverage enhancement to investigate the benefit of compact MIB and DM-RS based PBCH transmission in the view point of resource utilization and UE power consumption.

Proposal-4: reopen the possibility of new PBCH design for coverage enhancement to investigate the benefit of compact MIB and DM-RS based PBCH transmission.
4
Conclusion
In this contribution, we discussed on the PBCH and PRACH for Rel-13 low-complexity UE. From the discussions, the followings are proposed:
Proposal-1: confirm that all Rel-12 agreements and working assumptions for PRACH coverage enhancement are kept as it is.
Proposal-2: UE determines the CE level for PRACH preamble transmission based on downlink measurement. 
Proposal-3: the usage of ‘keep trying’ method should be re-investigated in a viewpoint of UE power consumption. 

Proposal-4: reopen the possibility of new PBCH design for coverage enhancement to investigate the benefit of compact MIB and DM-RS based PBCH transmission.
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