3GPP TSG RAN WG1 Meeting #76
R1-140026
Prague, Czech Republic, 10th – 14th February 2014
Agenda Item:
7.2.2.2.2
Source:
Huawei, HiSilicon
Title:
Considerations on PRACH repetition levels and power adjustment of PRACH transmission
Document for:
Discussion and decision
1 Introduction

In the RAN1 #75 meeting, the following conclusions related to PRACH coverage improvement were reached in [1]:

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).
Possible agreements:
· Starting level for contention based random access procedure: 

· Case 1: FFS between starting at the lowest level or defining it based on measurement or based on other ways
· Case 2: working assumption: In RRC connected mode could be configured by eNB (dedicated RRC signalling).
As stated by the working assumption, maximum three PRACH coverage enhancement (CE) levels are specified. In this contribution, the values and configurability of repetitions per level are discussed. Moreover, the issues like power ramping and level ramping, identifying CE mode and starting level for contention based random access are analyzed.
2 Number of repetitions per level 

As stated in the agreements, the ranges of repetition value per level and configurable values of repetitions per level are needed to be studied further. We firstly provide some simulation results to show reasonable ranges of repetition value for each level and then give our proposals on the configurable value per level.
2.1 The ranges of repetition value per level

Figure 1 below shows the PRACH repetition performance corresponding to different coverage requirements, which had been presented in our previous contribution [2]. In the TR 36.888 [3], the MCL calculation of PRACH is based on UE’s maximum transmit power (23dBm). For CE, the MCL of PRACH should be increased, and the performance evaluation in the Figure 1 is based on the assumption of UE using the maximum transmit power.
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Figure 1: Performance of PRACH repetition
As seen from Figure 1, generally the gain increases as the repetition number increases. It is straightforward and reasonable that the repetition value of high CE level should be larger than that of low CE level due to large CE value compensated by high CE level. 
Proposal 1:  The repetition value of high CE level should be larger than that of low CE level.
2.2 Configurable values of repetitions per level
Also as seen from Figure 1, to meet the CE requirement of 5dB in the case of 1% Pmiss, at least 6 repetitions are needed. For those of 10dB and 15dB, at least 40 and 128 repetitions are needed respectively.
In the WID, it is also agreed that a relaxed requirement for “probability of missed detection” for PRACH can be considered. The case of 10% Pmiss is also evaluated in the simulation. As illustrated, at least 1, 4 and 32 repetitions are needed to meet the CE requirements of 5dB, 10dB and 15dB respectively. The specific values of PRACH repetitions to support CE of 5 dB, 10dB and 15dB are provided in Table 1 below.
Table 1: Number of repetitions of different levels*
	
	5 dB CE
	10 dB CE
	15 dB CE

	Pmiss=1%
	6
	40
	>128

	Pmiss=10%
	1
	4
	32


Note: The number of repetition has included the initial PRACH transmission
The simulation indicated the lower limits needed for different CE levels. On the other hand, the number of configurable values of each CE level should consider the signaling overhead of SIB. Therefore the configurable values may be not far away from the values listed in Table 1. A small set of choices for repetition values close to those in Table 1 are preferred. 
Observation 1: Without relaxing requirement, the repetition values for three CE levels could be 6, 40 and 200 (maybe), respectively.
In addition, the values will change with the probability of miss detection. Considering the efficiency of resource utilization, relaxing PRACH performance requirement is beneficial, which had been analyzed in our previous contribution [2] and mentioned in the WID. Based on the analysis above, we propose:
Proposal 2: Relaxing PRACH performance requirement should be adopted as a technique for PRACH coverage enhancement. In that case, the repetition values for three CE levels could be 1, 4 and 32 respectively. 
3 Power ramping and level ramping
For power ramping, as analyzed in section 2, with relaxing PRACH performance requirement, compared to legacy UE’s PRACH transmission, there is no extra repetition of PRACH transmission corresponding to CE level 0. Therefore, the UE’s behaviour with PRACH CE level 0 would be similar to the behaviour of legacy UEs, and the power ramping should also be supported for UEs using CE level 0.

For CE level 1 and 2, extra repetitions are needed to compensate large CE requirement. The amount of CE requirement of different UEs using the same CE level could be different, and the number of repetitions should be determined based on the requirement of the worst case UEs (needing the maximum CE) per a CE level, so the better case UEs may not use full transmit power. As a result, power ramping is feasible. 
Proposal 3: Power ramping should be supported when there is power headroom for UEs considering that the number of repetitions is determined based on the requirement of the worst case UEs within the level.
For level ramping, the eNB cannot successfully detect the preamble when UEs select a lower CE level than its actual need of the CE level. In this case, UEs will not receive the RAR responding to its transmitted preamble, so as the agreement, 

 “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).”
In another case, UEs may not complete the RACH procedure because of the PRACH resource collision, even when the UE has selected a suitable CE level. In the coverage enhancement scenario, PRACH resources will be divided into several groups based on the supported CE levels.  However, the resources division may not match the realistic requirement. For instance, if the amount of resource allocated to a CE level is far less than the number of UEs choosing this CE level, a severe collision may exist.

So the related proposal is as following:

Proposal 4: If UE cannot complete the RACH procedure after several attempts, it moves to next highest level (e.g. 5 to 10, and 10 to 15).
4 Determining the coverage enhancement mode

As stated in the WID [4], “identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires” is beneficial to efficiently utilize the system resource. In our accompanied contribution [5], the PRACH transmission of UEs without CE and UEs with CE should use separate preamble/time/frequency resource. 
If a UE needs CE, and the UE can identify the CE mode in advance, it can avoid use the preamble/time/frequency resource of legacy UEs. As a result, the impact of PRACH collision to legacy UEs from UEs with CE could be alleviated, and the power consumption of UEs with CE would also be saved due to reduced attempts of the PRACH transmission using PRACH preamble/time/frequency resource corresponding to non-coverage enhancement (NCE). 
Moreover, for a UE without CE, it can prohibit the UE uses the PRACH resource configured for CE in case that the UE’s preamble transmission is failure due to possible PRACH collision.

The following gives two options to determine the CE mode.
Option 1: Determine the CE mode based on RSRP or pathloss measurement

For this option, UE can determine the CE mode based on RSRP or pathloss measurement. Taking RSRP measurement as an example, the specification can set a measurement threshold, if the UE’s RSRP value is lower than the measurement threshold, it can enter into CE mode. As option 1 is dependent on UE’s measurement, inaccurate measurement may cause erroneous decision on mode identification. 

Considering FDD system, assuming no CRS boosting, the SNR of CRS should be 0.7 dB, -4.3 dB, -9.3dB and -14.3 dB for NCE, 5dB CE, 10dB CE and 15dB CE, respectively. The baseband RSRP accuracy corresponding to 0.7 dB SNR is about to ±0.6 dB [6]. Considering the ±3 dB RSRP error of RF component, about total ±3.6 dB RSRP measurement error. As shown in the Figure 2, these ±3.6 dB RSRP measurement error would result in ±3.6 dB erroneous decision range. 
For CE of 5dB, 10dB and 15dB, although the RSRP accuracy would be deteriorated, the decision of CE mode can also be guaranteed. As shown in the Figure 2, if a UE’s inaccurate RSRP measurement with CE is lower than ideal RSRP value, the UE will decide it should use CE mode, so the mode decision is correct. On the contrary, if the UE’s inaccurate RSRP measurement with CE is higher than ideal RSRP value, the UE may also decide it should use CE mode due to the RSRP measurement error cannot exceed the gap between ideal RSRP value and measurement threshold.
To sum up, only on the boundary of CE and NCE, a small RSRP range would have the possibility of erroneous decision on the mode identification. However, the impact of erroneous decision on the mode identification could be acceptable in view of the erroneous RSRP decision range is marginal within the entire RSRP range.
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Figure 2: UE determines CE and NCE mode based on RSRP measurement
Option 2: Determine the CE mode based on PBCH or SIB detection

For this option, the mode identification is based on PBCH or SIB detection. However, considering large MCL gap (8.3 dB for FDD) between the MCL of PBCH with that of PRACH, even if a UE successfully decodes legacy PBCH, it cannot decide to enter NCE or CE mode. Moreover, a UE will decode PBCH with keep trying, the keep trying shall impact the decision of the mode identification, and the consideration about keep trying on CE identification may need more standardization work. Further, a single RF chain of category 0 UE should also affect the detection performance of PBCH, and it will also impact the decision of mode identification.
For mode identification based on SIB detection, the problems analyzed in the mode identification based on PBCH detection are also applicable. A UE may decode SIB based on keep trying, and a single RF chain of category 0 UE also affects the detection performance of SIB. Therefore, these uncertain factors will impact the decision of mode identification significantly.
To sum up, considering the benefits of mode identification and the impact of erroneous decision is marginal, option 1 is preferred.

Proposal 5: Identify CE mode or NCE mode based on RSRP or pathloss measurement. 
5 Starting level for contention based random access procedure
Scheme 1: Starting level based on DL measurement (RSRP or pathloss)
The key issue of scheme 1 is the RSRP measurement accuracy would be deteriorated in the CE mode. However, the RSRP measurement can be based on measurement average across multiple subframes to improve RSRP measurement accuracy. Moreover, the performance of channel estimation in CE mode would also be enhanced, so the CRS density or power could be increased, which would be beneficial to improve RSRP measurement accuracy.

Based on the above analyses, the measurement accuracy would be guaranteed, so starting level based on DL measurement would be supported in view of the benefits of reducing unnecessary PRACH transmission, shortening access time and saving UE’s power consumption. Further, the exact measurement accuracy can be evaluated by RAN4.

The specification impact of scheme 1 in RAN1/2 would be one or more thresholds are needed to facilitate UE selecting the starting level based on DL measurement. 
Scheme 2: Starting at the lowest level 

For this scheme, UE will initiate PRACH transmission from the lowest level to highest level. Obviously, PRACH collision probability especially on the lowest level would be increased as all the UEs have to initiate the random access from the lowest level. Moreover, the access time and power consumption would also be increased for UE with CE due to increased PRACH attempts from improper level selection or access collision. 
However, for scheme 2, the DL measurement is inevitable as a UE needs to make power control and cell selection based on DL measurement. From this point of view, the results of DL measurement can be applied to determine the starting level.

For scheme 2, although the threshold may not need to be defined in the RAN1/2 specification, the primary standardization work in RAN4 (such as performance test) is not less than that of scheme 1.
Table 2 below compares the advantages and drawbacks of determining starting level based on accurate DL measurement and lowest level. 
Table 2: Comparing the advantages and drawbacks of determining starting level based on accurate DL measurement and lowest level
	
	Scheme 1: Starting level based on DL measurement
	Scheme 2: Starting level based on lowest level

	Decreasing Access time
	√
	×

	Decreasing power consumption
	√
	×

	Decreasing PRACH collision probability especially on the lowest level
	√
	×

	Spec impact in RAN1/2/4
	Medium
	Medium


To sum up, the benefits of scheme 1 over scheme 2 are dependent on the RSRP measurement accuracy. As a result, it is proposed, before determining the scheme of selecting starting level, RAN4 can evaluate the RSRP measurement across multiple subframes and whether a more accuracy RSRP requirement for UEs with CE can be provided.
Proposal 6: Working assumption to choose the starting level based on measurement with RAN4 to confirm sufficient measurement accuracy. 

6 Conclusions
In this contribution, the remaining issues including configurable number and range of repetitions per level, power ramping, identifying CE mode and starting level for contention based random access are analyzed, and the following observations and proposals are provided:

Observation 1: Without relaxing requirement, the repetition values for three CE levels could be 6, 40 and 200 (maybe), respectively.
Proposal 1:  The repetition value of high CE level should be larger than that of low CE level.
Proposal 2: Relaxing PRACH performance requirement should be adopted as a technique for PRACH coverage enhancement. In that case, the repetition values for three CE levels could be 1, 4 and 32 respectively. 

Proposal 3: Power ramping could be supported when there is power headroom for UEs considering that the number of repetitions is determined based on the requirement of the worst case UEs within the level.
Proposal 4: If UE cannot complete the RACH procedure after several attempts, it moves to next highest level (e.g. 5 to 10, and 10 to 15).
Proposal 5: Identify CE mode or NCE mode based on RSRP or pathloss measurement. 

Proposal 6: Working assumption to choose the starting level based on measurement with RAN4 to confirm sufficient measurement accuracy. 
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