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1 Introduction
Performance of PBCH repetitions combining with the decoding techniques was evaluated and discussed in the last meeting and the following agreements were achieved:
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.
This contribution provides further analysis and proposals for the selection of the options and discusses the RE mapping issue. 
2 Discussion
It was agreed that PBCH coverage enhancement relies on repetitions and decoding techniques. Deciding on how many repetitions are required takes the coverage enhancement requirement, system resource overhead and the latency of PBCH acquisition into account. Generally, minimizing resource overhead would result in a long latency, so a trade-off is desired to reduce overhead while keeping a reasonable latency to meet the coverage enhancement requirement.
This section discusses selecting options for the repetition burst definition within the 40 ms cycle and the configurations of transmission across 40 ms cycles, which are both affected by the trade-off between resources overhead and latency of acquisition. 
2.1 Selecting options for the repetition burst definitions within the 40 ms cycle
Options were evaluated based on simulation results [1] previously in the last meeting, during which continuous and intermittent repetitions were comparatively analyzed as well by four example solutions.  
a) Sol. 1: Using one subframe (Option 1), and the 40 ms cycles are continuous (Option A),
b) Sol. 2: Using two subframes (Option 3), and the 40 ms cycles are intermittent (Option C), 
c) Sol. 3: Using two subframes (Option 3), and the 40 ms cycles are continuous (Option A), 
d) Sol. 4: Using four subframes (Option 4), and the 40 ms cycles are intermittent (Option C). 
The performance target is set as 1% BLER at the target absolute SNR of -14.2 dB for FDD and TDD [1] [2] in the simulations, and the metric for comparison is that how many repetition bursts are required to achieve the performance target. Specifically in Fig. 1, 72 repetition bursts of Opt. 1 in Sol. 1 or 25 bursts of Opt. 3 in Sol. 3 in the case of continuous repetition are required to meet the performance target, which has the latency of 2880 ms and 1000 ms, respectively. While Sol. 3 has lower latency, it has twice the overhead of Sol. 1. Alternatively, the repetition bursts could be intermittently transmitted to reduce the resource overhead. One example is evenly distributed bursts with a fixed interval as shown in Fig. 1. For example, Sols. 2 and 4 have the same overhead as Sol. 1 but a shorter latency, i.e., 25 bursts of Opt. 3 within 2000 ms and 9 bursts of Opt. 4 within 1440 ms, respectively.
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Fig. 1: Illustration of distributed PBCH intermittent repetitions
The simulation results for the four solutions are summarized in Table 1 which includes the latency & overhead for combinations of Opt. 1 & C, Opt. 2 & A, and Opt. 2 & C respectively as well. Note that the intermittent transmission interval in the combination of Opt .2 & C is 80 ms, i.e., one 40 ms burst per 80 ms. 
Table 1: Comparison among combinations of options
	1st selection
2nd selection
	Option 1
	Option 2
	Option 3
	Option 4

	Option A
	Latency (ms)
	2880
	[1333, 1920]
	1000
	360

	
	Overhead
	4.76%
	4.76*3/2=7.14%
	4.76%*2=9.52%
	4.76%*4=19.04%

	Option C
	Latency (ms)
	>2880
	[2667, 3840]
	2000
	1440

	
	Overhead
	<4.76%
	3.57%
	4.76%
	4.76%

	Option B
	The latency is longer but the overhead is lower than that of the corresponding combinations of options for the 1st selection and options for the 2nd selection, but the increase in latency or decrease in overhead depends on how often the burst is on. 


Based on the comparison in Table 1, in general, one observation is when more subframes are used for repetitions in a burst; fewer bursts are required to meet the target performance. Considering the trade-off, Opt. 3 or 4 is preferable to keep the latency under 2 seconds. Here is the proposal for the first selection:
Proposal 1: Select Opt. 3 or 4 for the repetition burst definition within the 40 ms PBCH cycle to keep the latency under 2 seconds.
2.2 Selecting options for the configurations of transmission across 40 ms cycles

Opt. A with always sending repetitions in every 40 ms cycle is undesirable, as the latency is almost 3 seconds if combined with Opt. 1 or the overhead would be too high if combined with other options (Opt. 2 – Opt. 4).
Opt. B with dynamic on/off of repetition bursts has neither the specified maximum interval between two adjacent PBCH burst transmissions nor the predefined occasions on which the PBCH burst is expected to be transmitted. The eNB can decide when to transmit the repetition bursts. However, power consumption is a significant concern in such case. A WI was set up in RAN2 to work on the “power saving state” which is supposed to be introduced for UE power consumption optimization [4]. The “power savings state” is designed to transfer to or from the RRC_IDLE state. However, power consumption in the stage of keeping trying to decode the PBCH burst could not be optimized.
Specifically, if the repetition bursts were not transmitted over a long time, say 10 hours, UE power consumption could be high if UE keeps trying to decode. In addition, if the coverage enhancement mode is not supported by the network, the enhanced PBCH burst will never be transmitted by eNB. UEs will keep trying to decode till power is exhausted, as UEs are unaware whether the PBCH burst is just dynamically off or will never be transmitted. It is assumed that UEs in need of coverage enhancement hardly obtain MIB by just keeping trying to decode the legacy PBCH. If UEs cannot decode the PBCH burst correctly over a period, it could be assumed by UEs that the coverage enhancement mode is not supported and UEs could stop trying for power saving in the current cell. Hence, specifying a maximum interval between two adjacent transmissions will be helpful to UEs to judge on keeping or stopping decoding. On the other hand, if the PBCH burst is expected to be transmitted on the predefined occasions, when UEs need to retrieve MIB after having accessed the network, UEs could try to obtain it on the specifically predefined occasions without blind trials one radio frame by one radio frame, which is also helpful for UE power saving. 
Considering it is specified that the UE considers stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid [3], so the PBCH repetition bursts have to be transmitted at least every 3 hours to ensure UEs in need of coverage enhancement could verify the validity of MIB. In addition, UEs have to leave the “power saving state” to perform the Tracking Area Update (TAU) when the TAU timer expires, and there is a common understanding in RAN2 that UEs need to read PBCH as well as SIBs again when leaving the “power saving state”. Hence, the maximum interval between two adjacent PBCH burst transmissions is determined by the TAU timer length, e.g., 1 minute. 
In Opt. C, the repetition bursts are transmitted on the predefined occasions. UEs could retrieve MIB when necessary on the predefined occasions by indexing based on SFN. For initial access UEs, who do not know the SFN, the maximum latency for MIB acquisition will not be longer than the interval of two adjacent occasions. However, in order to reduce the overhead or if normal UEs with high priority need to be served, the eNB could skip transmitting the repetition bursts on some predefined occasion, but the latency in the worst case would be longer depending on how many consecutive occasions are skipped for transmitting the PBCH burst. Nevertheless, it will benefit UE power consumption by specifying the maximum interval, e.g., 1 minute between two adjacent occasions on which the repetition bursts are really transmitted, and during the interval it is up to eNB implementation to send as the case might be. 

Overall, Opt. C is preferable for configurations of transmission across 40 ms cycles. The following proposals are derived from the analysis as above:
Proposal 2: Opt. C with intermittent repetitions on the predefined occasions is preferable.
Proposal 3: Skipping the PBCH repetition burst transmissions on some predefined occasions is allowable, but the maximum interval between two occasions of real transmissions needs to be specified, e.g., 1 minute.
2.3 Discussion on RE mapping
Two aspects related to RE mapping, i.e., which subframes per radio frame are used and how the PBCH is mapped in each subframe, were both discussed at the last meeting. The main issues include the possible collision with CSI-RS and there are integer or non-integer PBCH repetitions per radio frame. 

There was a concern that CSI-RS REs corresponding to some configurations may collide with PBCH repetitions. In R11 specifications, the UE shall assume that CSI-RS are not transmitted in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. Hence, if the PBCH repetition occurs in the paging subframes, the collision possibility would be minimized. 
Specifically, when two subframes per radio frame are used for PBCH repetitions,

· For FDD, subframes #4 and #9 are used, and 

· For TDD, subframes #0 and #5 are used. 

When four subframes per radio frame are used for PBCH repetitions,

· For FDD, subframes #0, #4, #5 and #9 are used, and 
· For TDD, subframes #0, #1, #5 and #6 are used.

Regarding the RE mapping in each subframe, it was agreed that user data and MIB repetition are assumed not to be sent in the same PRBs, so the available REs in the center 6 PRBs of each candidate subframe should be used for repetition mapping as much as possible. Considering that UEs would blindly decode the PBCH repetition bursts by sliding the reception window according to the radio frame boundary, it is beneficial to keep the RE mapping of the PBCH repetitions per radio frame the same. The available REs in each candidate subframe may not make integer repetitions, but rate matching could be done over all the available REs of all candidate subframes per radio frame, and the total number of available REs decides whether integer or non-integer repetitions are attainable. 
The proposals for RE mapping include:

Proposal 4: PBCH repetitions occur in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. 
Proposal 5: Keep RE mapping of the PBCH repetitions per radio frame the same.
3 Conclusions

This contribution further analyzes issues of how many subframes per radio frame are used for the repetition bursts within the 40 ms cycle and of configurations of transmission across 40 ms cycles, and derives the following proposals,
Proposal 1: Select Opt. 3 or 4 for the repetition burst definition within the 40 ms PBCH cycle to keep the latency under 2 seconds.
Proposal 2: Opt. C with intermittent repetitions on the predefined occasions is preferable.
Proposal 3: Skipping the PBCH repetition burst transmissions on some predefined occasions is allowable, but the maximum interval between two occasions of real transmissions needs to be specified, e.g., 1 minute.

Regarding the collision issue of PBCH repetition and CSI-RS, the following proposals are presented,
Proposal 4: PBCH repetitions occur in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. 

Proposal 5: Keep RE mapping of the PBCH repetitions per radio frame the same.
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