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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  In the previous meeting, we agreed the following:

· 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

This contribution discusses some aspects on common control channels, namely PSS/SSS, PBCH & PRACH, taking power consumption into consideration.
2. Discussion
One of the objectives on power consumption reduction is [1]:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time. (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).

The focus in power consumption reduction is therefore to minimise the LC-MTC UE time in transmitting/receiving.  It is normally understood that uplink transmission consumes more power than downlink reception [2].  The operation that consumes the most UE transmission/reception time is when the UE operates in coverage enhancement due to the need of numerous repetitions.  This is followed by UE reception of PDSCH in coverage enhancement mode.  Initial acquisition of the system is likely to be a very small part of the overall UE active time and hence this should have the lowest priority.  We should also ensure that any solutions on power consumption improvement should not impact spectral efficiency, especially in coverage enhancement mode.
Proposal 1: Power consumption improvement should firstly focus on reducing uplink transmission in coverage enhancement with minimal impact to spectral efficiency.
2.1 PSS/SSS

Simulation evaluations performed during the SI phase showed that the MTC UE is able to achieve synchronisation by accumulation of PSS/SSS energy over a long period of time (approximately 2 seconds) [3].  Since MTC UEs are delay tolerant, a longer sync acquisition time is acceptable.  Power boosting and redesign of the PSS/SSS were also considered in the SI.  Power boosting of PSS/SSS can be done transparently as an implementation solution, although this would cause more interference and affect the cell acquisition of non-MTC UEs. Some companies proposed to redesign the PSS/SSS, e.g. increase the PSS/SSS density to reduce the acquisition time [4], [5] especially for LC-MTC UEs in coverage enhanced mode.  As noted previously, system acquisition is likely a small part of the overall active period of the UE and unlikely to contribute significant power saving [6].  Furthermore increasing density of PSS/SSS would lead to degradation of spectral efficiency.  Therefore we propose that no RAN1 modifications are introduced for PSS/SSS for this WI.
Proposal 2: No RAN1 modifications are required for PSS/SSS to support MTC UEs operating in coverage enhancement mode.
Although longer sync acquisition would affect the reselection performance, MTC UEs are typically fairly static and therefore reselection is not expected often.  A relaxation on the reselection performance requirement for these MTC UEs can therefore be specified in RAN4.  

2.2 PBCH

In RAN1#75, the following was agreed on PBCH:

· 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

The repetition burst and the transmission pattern across 40ms cycles should be chosen to balance between acquisition time and spectral efficiency.  The Option A transmission pattern, where the repetition is always sent in every 40ms cycle, would reduce acquisition time but also reduces spectral efficiency.  As discussed previously, reducing system acquisition time does not provide a meaningful reduction in power consumption.  Options B and C allow the eNB to trade off acquisition time against spectral efficiency.  These two options also allow the eNB to adjust the amount of coverage enhancement on a per-cell basis, thereby meeting one of the objectives in the WID [1] namely:

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

A transmission pattern using Option B would provide full flexibility to the eNB but it is not clear if this is necessary.  Option C with a small number of fixed patterns where each pattern targets a different coverage level would make it more predictable for the UE. We have a slight preference to use Option C.

Proposal 3: Use Option C as the transmission pattern for PBCH across 40ms where the repetition of PBCH is based on known pattern(s) across a given number of cycles.
On the repetition burst within 40ms PBCH cycle, Option 1 would be the most spectrally efficient and also would have less impact on the eNB implementation.  Option 4 on the other hand is the least spectrally efficient.  Options 2 and 3 would provide a balance between these two extremes.  We hence do not prefer Option 4 but are open to Options 1, 2 and 3.
Proposal 4: FFS whether Option 1, Option 2 or Option 3 is selected for the repetition burst within the 40 ms PBCH. Option 4 can be eliminated. 
It was agreed that user data and MIB repetition are not to be sent in the same PRB, and therefore for efficient use of resources the remaining resources in the PRB should be used for PBCH repetitions.  If CSI-RS is configured, then the CSI-RS REs would puncture the PBCH REs in PBCH-only PRBs [7].

Proposal 5: PBCH repetitions should be rate-matched to and mapped to all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. PBCH repetitions are punctured by any configured CSI-RS that collide with PBCH repetitions.

2.3 PRACH

In RAN1#75 the following agreements were made for coverage enhancement:

· 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
· 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).
As noted, reducing uplink transmission in coverage enhancement has the most impact on reducing power consumption of the UE.  The Rel-12 agreements above define 3 coverage levels, so that an LC-MTC UE can select a suitable number of repetition for the PRACH transmission, which enables the number of repetitions to be kept as low as possible.  Hence the Rel-12 agreements are aligned with the objective of power consumption reduction.  Therefore, we should confirm the Rel-12 agreements in PRACH.
Proposal 6: Reconfirm Rel-12 agreements made on PRACH.

The PRACH for coverage enhancement can be divided into the following 3 processes.

· PRACH resource allocation

· PRACH resource selection

· PRACH transmission

2.3.1 PRACH Resource Allocation

In RAN1#75 it was agreed that the PRACH resources for legacy and CE-MTC UEs can be multiplexed in the same frequency resource using CDM.  Additional flexibility can be obtained by also using TDM to allow different PRACH repetitions in the same code at different times.  An example of such usage is shown in Figure 1, where for ease of reference we number the PRACH resources as Resource 1, 2, etc.  Note that although the subframes are shown as being contiguous, they would typically in practice be separated in time. This pattern of resources is repeated in time, i.e. they are restarted after the end of Resource 8.  Resources 1 & 2 are for normal coverage that does not have any repetitions and they use different codes.  The flexibility given by TDM allows the eNB to allocate different repetition levels to the same code at different times: for example, Resources 3 and 5 are for repetition level 1 whilst resource 4 is for repetition level 2, thus allowing more flexibility to match the resources at each repetition level to the number of CE MTC UEs needing each repetition level.
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Figure 1: PRACH resource multiplexing 

As per the agreement, an additional PRACH resource that does not contain resource for normal coverage can be configured.  The straightforward way to manage this separate set of resources is to allocate them separately in another frequency subband, as shown in Figure 1.

Proposal 7: In addition to CDM, TDM can be used to multiplex PRACH resources of different repetition levels within the same code and frequency. This applies to both the shared CE-normal resources and any additional CE-only resources.

In the legacy system, PRACH resources (PRACH opportunities) are configured in frequency and time using SIB2.  Similarly, PRACH resources for CE mode need to be clearly indicated in the SIB so that the eNB knows exactly when it can start accumulating possible PRACH repetitions.  

The number of repetitions in each repetition level should be configurable to allow the eNB flexibility in managing the coverage level.  For example, the eNB may only wish to extend the coverage up to 10 dB and can therefore configure the number of repetitions in each repetition level accordingly (e.g. coverage levels corresponding to 3 dB, 6 dB and 10 dB).  The eNB can also change the missed detection probability of PRACH in each repetition level by configuring the number of repetition levels.

Proposal 8: The CE PRACH resource allocations, including frequency domain (PRBs), time domain (subframes), code(s) and number of repetitions shall be configurable by the network and signalled in SIB2.
2.3.2
PRACH Resource Selection

In RAN1#75 it was agreed that if a UE does not receive a RAR after 1 attempt, it moves to the next higher repetition level for the preamble; for the selection of the first repetition level the UE should start with, the following initial PRACH repetition level selection methods were considered:

· Option A: Start from lowest repetition level 

· Option B: Based on measurements

· Option C: Use a repetition level configured after the last successful access

In Option A, since all CE-MTC UEs always start from the lowest repetition level, it may lead to a high collision probability at the lowest repetition level.  If there are few CE-MTC UEs in suitable conditions for the lowest repetition level, this will lead to unnecessary wastage of eNB resources.

In Option B, the CE-MTC UEs will select the initial repetition level based on measurements e.g. RSRP.  This would require that the eNB clearly indicates the range of measurement values (e.g. RSRP) that correspond to each repetition level; these can be signalled in SIB2.  However, as noted in [8], measurements such as RSRP are subject to high uncertainty and therefore would not always offer a significant advantage over randomly selecting a repetition level.  Figure 3 shows the repetition level at each coverage range and two CE-MTC UEs, namely CE-MTC UE 1 and CE-MTC UE 2 at repetition levels 1 and 3 respectively.  It is likely that CE-MTC UE 1, which is at a better coverage than CE-MTC UE 2, would have less measurement error than CE-MTC UE2 which is in a poorer coverage region.  If the measurement error is smaller than the difference in coverage for the lowest and highest coverage levels, then selection based on measurements may offer some benefit over random selection. 
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Figure 3: Repetition level selection based on measurements

In Option C, the CE-MTC UE uses an initial repetition level obtained as a result of previous successful PRACH access.  One possibility could be simply to use the repetition level that led to a valid RAR response in the previous access; however, this may be an unnecessarily high repetition level. Therefore allowing the possibility for the eNB to configure the repetition level to be used for the next PRACH preamble transmission after successful PRACH access seems beneficial since this is already agreed for non-initial access. This is likely to be more accurate than RSRP measurements.  If the CE-MTC UE is stationary, this method should have a high chance of getting a suitable repetition level, thereby avoiding ramping of repetition levels.  However, it is possible that the CE-MTC UE has moved in between two PRACH accesses, which might make the previous configured repetition level obsolete.  In the case that such a CE-MTC UE has moved to conditions where a lower repetition level is sufficient, then some resource is wasted on the PRACH but this will be corrected by the eNB after RACH access.  In the case that the CE-MTC UE has moved to conditions requiring a higher repetition level, this would result in ramping of repetition level.  It is assumed that movement of CE-MTC UEs leading to changes in the required repetition level is rare.  Since the consequence of such rare movements can be corrected, Option C seems reasonable.  A timer can also be used such that the CE-MTC UE would “forget” the configured repetition level in the previous access after a certain time lapse.  

Proposal 9: For initial access the CE-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the initial PRACH repetition level to use, and the duration of the time window.
For cases where the CE-MTC UE does not have information on the last successful repetition level (e.g. the above timer has expired, 1st ever intial access, device rebooted), then comparing Option A & B, we have a slight preference to use Option B (e.g. with RSRP), since it can minimise resource wastage. The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

Proposal 10: For cases where the CE-MTC UE does not have a valid configured repetition level, then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

If measurements are used to determine whether a CE-MTC UE operates in normal or CE mode, then a CE-MTC UE in normal mode may wrongly believe it is in CE mode and vice-versa due to measurement errors.  Since CE mode operation is very spectrally inefficient, CE-MTC UEs wrongly selecting CE mode operation would waste a significant amount of resources, and this should be avoided.  We can define a border region between normal coverage region and CE region using two thresholds, Threshold 1 and Threshold 2 as shown in Figure 4.  Threshold 1 defines the RSRP level above which normal PRACH behaviour (without repetition) shall always be used, and a CE UE is not allowed to use the CE PRACH resources regardless of how many failed attempts occur.  This threshold needs to be set sufficiently high to take into account RSRP measurement error, so that CE MTC UEs that need to use PRACH repetition do not get constrained to using normal PRACH simply as a result of their RSRP measurement error. 

At RSRP levels below Threshold 1, a CE MTC UE always starts with normal PRACH and may switch from normal PRACH behaviour to using the first level of CE PRACH repetition after a certain number of failed attempts of the normal PRACH behaviour; this switching behaviour should be defined by RAN2. 

At RSRP levels below Threshold 2, the UE will use CE PRACH procedure, i.e. PRACH repetition following the PRACH selection process defined above.
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Figure 4: Border region

Proposal 11: The behaviour by which a UE may switch from normal PRACH operation to the lowest repetition level of CE PRACH should be decided in RAN2.

2.3.3
PRACH Transmission

In RAN1#75, the use of power ramping for CE PRACH transmission was left FFS.  CE-MTC UEs in the CE region are basically out of normal coverage, which technically means that the maximum transmission power from the CE-MTC UE cannot reach the eNB without any enhancement.  It is of course feasible to increase the number of repetitions so that the CE-MTC UE can use a lower transmission power.  However, the benefit of doing so is unclear since repetition consumes eNB and system resources and would increase battery consumption at the CE-MTC UE.  Therefore, it is preferred that there is no power ramping for CE PRACH transmission, and maximum power is always used in order to minimise the number of preamble repetitions needed.

Proposal 12: No power ramping is used for CE PRACH transmissions.  CE-MTC UEs that select a non-zero repetition level will always use the maximum transmission power for each PRACH preamble transmission.
It was agreed in the previous meeting that the CE-MTC UE will ramp up to the next higher repetition level if it fails to get a valid RAR response with the current repetition level.  At the highest repetition level, it was proposed that the CE-MTC UE can try several attempts.  Failure to obtain a valid RAR response can be due to poor SINR or collision.  At the highest repetition level, it is more likely that the failure is due to collision than poor SINR condition unless the CE-MTC UE is beyond the 15 dB coverage extension targeted by the eNB.  Hence, it is reasonable to perform several attempts at the highest repetition level.  The maximum number of attempts can be left to RAN2.

Proposal 13: The CE-MTC UE can perform several PRACH attempts at the highest repetition level.  The maximum number of PRACH attempts is up to RAN2.
If the CE-MTC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, then we can consider that the RACH access has failed.  It is of course possible that such failure is due to a high collision rate.  After failing to access the network, the CE-MTC UE would report this to higher layers as per the legacy behaviour.

Proposal 14: If the CE-MTC UE fails to access the network after the maximum number of attempts at the highest repetition level, it reports this failure to higher layers as per the legacy behaviour.
Frequency hopping was discussed for PRACH in Rel-12 and this was FFS.  The gain obtained from frequency hopping is dependent upon the bandwidth available for frequency hopping.  Since Rel-13 MTC UEs are bandwidth limited to 1.4 MHz, such gain may not be significant.  It is of course possible to switch subband but this would require up to 1 ms switching time which could have been used for repetition.  Hence, as per Rel-12 this aspect needs further study.

Proposal 15: Frequency hopping for PRACH is FFS.

3. Conclusion

In this contribution we have discussed some considerations for common messages, namely SIB, RAR and Paging.  We propose:
Proposal 1: Power consumption improvement should firstly focus on reducing uplink transmission in coverage enhancement with minimal impact to spectral efficiency.
Proposal 2: No RAN1 modifications are required for PSS/SSS to support MTC UEs operating in coverage enhancement mode.
Proposal 3: Use Option C as the transmission pattern for PBCH across 40ms where the repetition of PBCH is based on known pattern(s) across a given number of cycles.
Proposal 4: FFS whether Option 1, Option 2 or Option 3 is selected for the repetition burst within the 40 ms PBCH. Option 4 can be eliminated. 
Proposal 5: PBCH repetitions should be rate-matched to and mapped to all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. PBCH repetitions are punctured by any configured CSI-RS that collide with PBCH repetitions.

Proposal 6: Reconfirm Rel-12 agreements made on PRACH.

Proposal 7: In addition to CDM, TDM can be used to multiplex PRACH resources of different repetition levels within the same code and frequency. This applies to both the shared CE-normal resources and any additional CE-only resources.

Proposal 8: The CE PRACH resource allocations, including frequency domain (PRBs), time domain (subframes), code(s) and number of repetitions shall be configurable by the network and signalled in SIB2.
Proposal 9: For initial access the CE-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the initial PRACH repetition level to use, and the duration of the time window.
Proposal 10: For cases where the CE-MTC UE does not have a valid configured repetition level, then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

Proposal 11: The behaviour by which a UE may switch from normal PRACH operation to the lowest repetition level of CE PRACH should be decided in RAN2.

Proposal 12: No power ramping is used for CE PRACH transmissions.  CE-MTC UEs that select a non-zero repetition level will always use the maximum transmission power for each PRACH preamble transmission.
Proposal 13: The CE-MTC UE can perform several PRACH attempts at the highest repetition level.  The maximum number of PRACH attempts is up to RAN2.
Proposal 14: If the CE-MTC UE fails to access the network after the maximum number of attempts at the highest repetition level, it reports this failure to higher layers as per the legacy behaviour.
Proposal 15: Frequency hopping for PRACH is FFS.
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