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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].

According to the work item description, the agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
This contribution summarizes the RAN1 agreements and working assumptions. Relevant LSs to and from RAN1 are listed in the reference list.
2 RAN1#74, Barcelona, Spain, 19th – 23rd Aug 2013 

2.1 Details of new UE category/type
Agreements:
· New UE category for low cost MTC UEs also includes
· No need to support 64QAM for uplink
· The maximum number of supported layers for downlink and uplink is 1
2.2 Techniques for coverage improvement
PBCH

Agreements:
· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB
· Can also consider 4dB loss for other downlink channels when needed
· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss
· UE behavior, impact on UE power consumption, and configurability are FFS
· Introducing new PBCH is FFS
PRACH

Agreements:
· Enhancement of PRACH format is required to achieve coverage improvement target
· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted
· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level
· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS
3 RAN1#74bis, Guangzhou, China, 7th – 11th Oct 2013

3.1 Remaining details of new UE category/type
Working assumption:
· “UL/DL switching” for HD-FDD operation is handled as the same behavior in Rel-8 for low cost MTC UEs supporting with/without coverage enhancement

· Ask RAN4 further specification impact – Prakash (Vodafone), prepare LS until Thursday
· Further discussion is needed about collision issues for PRACH and DL transmissions
· Note that companies can investigate Rel-8 procedure of HD-FDD operation
PDSCH frequency allocation

Agreement:
· At first, discuss repetition case, and then discuss non- repetition case

3.2 Techniques for coverage improvement
PBCH

Agreements:
· 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
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported

· Supporting all TDD DL/UL configuration is considered
PRACH
Agreement:
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
Working assumption:
· Repeating the existing preamble formats for PRACH enhancement 

· Relaxing PRACH requirement is FFS

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

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined

· 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
4 RAN1#75, San Francisco, USA, 11th – 15th Nov 2013

4.1 Techniques for coverage improvement
PBCH
Agreements:
· 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.
PRACH
Agreements:
· 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. 
· FFS for multiplexing repetition level(s) within shared time/freq. resources
· 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.
Agreements:
· 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).

Agreements:
· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

· No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.

· FFS on how UE derives CFI
PDSCH/PUSCH
Agreements:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).

Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

Agreements:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
Agreement from email discussion thread [75-04] after RAN1#75:

· Both contiguous and non-contiguous resource allocations for unicast are supported.
· From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.
5 RAN1#76, Prague, Czech Republic, 10th – 14th Feb 2014
5.1 Remaining details of new UE category/type

Agreements:
· For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.
· # HARQ processes for MTC UEs not in coverage enhancements:
· Keep the same number of processes unchanged from Rel-11

· For HD-FDD, FFS
5.2 Techniques for coverage improvement 

(E)PDCCH
Agreement:
At least for unicast traffic:

· UE shall monitor more than one (E)PDCCH decoding candidate. 
· FFS whether or not UE shall monitor multiple total aggregated resources of (E)PDCCH decoding candidates 

· This is for illustration only:

· A Total Aggregated Resource (TAR) can be defined for a decoding candidate such that the TAR is given by Sum (ai) where i = 0…T-1, where T is repetition number and ai is the amount of resources in subframe i.  It is FFS whether ai is the same or different in different subframes.

· Whether or not multiple TARs are monitored by a UE is FFS.

· The UE shall use the same (E)PDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window.

· FFS whether or not the option of UE monitoring only a single aggregation level with a single repetition is excluded.
· FFS whether to use the current hashing function, or a new method, to determine the starting location of unicast search space at each subframe within the repetition window. This depends on collision probability between UEs in coverage enhancement mode and normal UEs in a cell.

· Study tradeoff and performance of the following options:

· Option 1: single (E)CCE aggregation level and multiple repetition levels

· Option 2: multiple (E)CCE aggregation levels and single repetition level

· Option 3: multiple (E)CCE aggregation levels and multiple repetition levels

· Examples of the options can be found in R1-141030
6 RAN1#76bis, Shenzhen, China, 31st Mar – 4th Apr 2014

6.1 Remaining Details of new UE category/type
Agreement:
· For broadcast traffic, there is no explicit restriction on the resource allocation size for MTC UEs

· There is no change of the current mapping defined for existing UE categories between MCS indices and TBS lookup indices (I_MCS) for MTC UEs

· For unicast traffic, there is implicit restriction on the resource allocation size due to the max TBS limitation (1000 bits) under explicit MCS indices (e.g., the MCS indices mapped to explicit TBS lookup indices) for Cat 0 UEs

· For implicit MCS indices (e.g., 29/30/31 in the current MCS table), there is no restriction on the resource allocation size

· Note: 

· There is no cost saving gains of imposing an explicit restriction for unicast since there is no explicit restriction for broadcast traffic

· As brought up by some companies, an explicit restriction for unicast may be forward compatible considering possible narrow band related design for low cost UEs 

Conclusion:
· It was shown by one company that if eNB knows a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR, it helps increase random access response capacity. However, RAN1 has not concluded the study on whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna, e.g. during Paging and/or RAR. RAN1 will further discuss it in RAN1#77 and will inform RAN1’s updates on this issue, if any, to RAN2 accordingly.

· Note: the 1000-bit limitation also applies to PUSCH

Agreements:
· For category 0 UEs, the scheduling and HARQ timing for PDSCH and PUSCH are the same as category 1 UEs

· The case of HD-FDD is FFS

7 RAN1#77, Seoul, Korea, 19th – 23rd May 2014
Agreements:
· For Cat 0 UEs, there is no change of control channel search space and DCI sizes relative to Cat 1 UEs

· For Cat 0 UEs, SPS is supported

· For Cat 0 UEs, ACK/NAK resource management is the same as that of Cat 1 UEs

· For Cat 0 UEs, the number of soft buffer bits for unicast is 25344 

Half-duplex FDD

Agreements:

· All HD FDD Cat-0 UEs are assumed to have 1 oscillator. Current RAN1 specification would be changed.

· The max # of DL and UL HARQ processes for Cat. 0 HD-FDD UEs are the same as those of Cat. 1 UEs

· For Cat.0 MTC UEs, the supported PMCH TBS is updated in 36.306 to 4584 bits

Agreements: 

· For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe from the same UE.

· For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the downlink subframe immediately following an uplink subframe from the same UE.

· How to capture the principle of the above two bullets is up to 36.211 editor
Other
Agreements:

· Transmission mode(s) and EPDCCH supported by Cat. 0 UEs are the same as Cat. 1 UEs

· TTIBundling is supported for Cat.0 UEs
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