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1. [bookmark: _Ref298777854]Introduction
In RAN1 #105 e-meeting [1], the following agreements and conclusion on idle/inactive paging enhancement were made.
Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences.

Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span

Agreement
Observation:
For the comparison of PEI candidate designs, the following table (see appendix) summarizes average power saving gains based on companies’ contributions.
In this contribution, we discuss the remaining issues on the power saving enhancement for paging reception, related to down selection of PEI candidates, subgrouping, co-existence with legacy signals and finally PEI for FR2
Discussion 
During IDLE/INACTIVE mode and when monitoring the channel for potential paging, the UE needs to be fully synchronized to be able to decode paging DCI and a paging message. As can be seen in [3], the cost of transition from/to sleep states and synchronization necessary to decode paging DCI and paging message (for the studied scenarios) is about 50% - 60% of the total average power consumption in one DRX cycle. This means that even though the cost for idle PO monitoring and overhearing/false-paging is relatively low, the actual total cost can become significant when the synchronization and transition cost are taken into account. This is particularly true for scenarios where the UE is in bad coverage.
Observation 1 – The cost of transition from/to deep sleep as well as synchronization cost are dominant sources of power/energy consumption.

For UE power saving and to reduce the cost of unnecessary paging and for paging enhancement, we need to provide solutions where the UE can avoid unnecessarily entering power consuming transition and synchronization states, when there is no paging for a UE.

Proposal 1 – Paging enhancement schemes should avoid the UE unnecessarily transitioning from/to sleep states and from/to synchronization states.

[bookmark: _Ref68166303]Down-selection of paging early indication (PEI) candidates
Given the three candidate schemes, i.e., PDCCH-based PEI, SSS-based PEI, and TRS/CSI-RS-based PEI, for PEI physical-layer channel/signal for paging enhancement, it was concluded in [1] to down-select one solution in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences.
Both TRS/CSI-RS based and SSS-based PEI design are sequence-based signal designs. For these schemes, the UE, does not need to do any synchronization prior to its PEI detection. Practically/in principle only a correlator is needed for their detection. For detection of a DCI-based/PDCCH-based design, however, the UE needs to be fully synchronized to the network. A receiver also needs to operate in its full functionality, i.e., performing channel estimation and decoding, to be able to decode the DCI-based PEI. Since the two TRS/CSI-RS-based PEI and SSS-based PEI have commonalities both in terms of signal design and detection technique compared to the DCI-based PEI, they can be merged into a single sequence-based solution. This makes the down-selection list contain two candidate solutions, i.e., i) PDCCH-based PEI ii) sequenced-based PEI.
Observation 2 – The TRS/CSI-RS-based and SSS-based PEI designs have significant commonality since they both are sequence-based signal designs and non-coherent detection/correlation is used for their detection.

In the following, we discuss the candidate solutions based on above discussion, assuming the down-selection list contains two solutions, i.e. PDCCH-based PEI and sequence-based PEI.
As mentioned earlier, in a DCI-based/PDCCH-based design, the UE needs to be fully synchronized to the network to be able to decode the DCI-based PEI. This means that the UE needs to decode SSB prior to its PEI decoding/detection. Even if the DCI-based PEI is placed as close as possible to an SSB signal, the UE still needs to receive and decode both SSB and DCI-based PEI before it decides whether or not there is paging. This means a DCI-based PEI design does not fulfil the condition of Proposal 1 as it needs to achieve synchronization in advance for its detection, leading to extra unnecessary power consumption. In a sequence-based, i.e., TRS/CSI-RS based and SSS-based, PEI design the UE, however, does not need to do any synchronization prior to its PEI detection. The UE proceeds to read SSB and PO only if the sequence-based PEI is detected. Moreover, the structure of sequence-based PEI can also be used for synchronization purposes leading to a reduced number of SS bursts needed to achieve synchronization prior to PO for decoding of paging DCI and a paging message. This basically means that the SSS-based and TRS/CSI-RS-based PEI scheme fulfil the condition in Proposal 1, resulting in higher power saving gain compared to a DCI-based solution.
Observation 3 – Sequence-based PEI fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 

Based on the agreed observation on power saving gain in RAN1 #105e [1], see Appendix, it may on the surface seem like that the power saving gain in different schemes are comparable and in the same range. This is, however, a side effect of making comparison between different schemes assuming the same number of SSB bursts before PEI and not taking into account the characteristics of the different signal designs. Since in the end achieving a certain detection performance with as small energy consumption as possible is the desired outcome the comparison should be made between schemes of equal performance rather than fixing any of the parameters. 

Proposal 2 – When making decisions on down-selection of the solution, support to compare calculated power saving gains based on the characteristics of different signal designs (and NOT based on assuming the same number of SSB before PEIs).

The simple correlation-based detection of sequenced-based PEI means that energy consumption when detecting sequence-based PEIs is lower than the energy consumption of the receiver when decoding/detecting PDCCH/DCI-based. This is not included in the current energy model. Since this energy difference has not been included in the energy model, sequence-based PEI in reality has a competitive advantage not visible in the current power saving gain comparisons. In other words, including lower power consumption in the power saving gain calculation when detecting sequence-based PEI will result in a higher power saving gain than those reported.

Observation 4 – Since the energy difference between different receiver types, for DCI-based and sequence-based PEIs detection, has not been included in the energy model, sequence-based PEI in reality has a competitive advantage not visible in the current power saving gain comparisons.

In a sequence-based PEI the number of REs is around 300 REs while in a DCI-based it is close to 570 REs. This means the system overhead of sequenced-based PEI design is lower than the DCI-based design as a smaller number of REs is needed to achieve a certain reliability.
Based on the above discussion, earlier observations and captured results, the sequence-based PEI is a better candidate for paging enhancement since it has both the higher power saving gain and lower system overhead.
Proposal 3 – Support sequence-based PEI as a paging enhancement scheme to reduce idle PO monitoring cost at the UE, as it has higher power saving gain and lower system overhead. 
UE Sub-grouping 
In RAN1 #105e [1], for UE subgroups indication in the physical layer, a maximum of 8 subgroups per PO is supported. In this section we further discuss how to indicate sub-grouping using DCI-based PEI and sequence-based PEI. 
In a PDCCH/DCI-based PEI the 8 groups can be addressed by assigning one bit in the 12 bits DCI to each individual group. A disadvantage of using DCI-based PEI is that the network needs to use the entire 567 REs to page a certain sub-group independent of the sub-group UEs’ paging probability. In a sequence-based PEI the sub-grouping is done by using different sequences for different UE subgroups in the indicator. Since each sequence carries only one bit of information, in order to allow paging of different UEs’ subgroups at the same time the sequences, at transmission time, need to be time and/or frequency and/or code multiplexed. A common sequence is used if simultaneous paging of different UE sub-group is needed. Fig. 1 shows an example of FDM and TDM multiplexing of an SSS-based PEI design addressing 8 different groups. 
[image: ]
Figure 1 – example eight UE sub-groups for an SSS-based PEI design
An important advantage of using sequence-base PEIs is that only REs assigned to a certain sub-group are used. This leads to a fewer usage of resources compared with the DCI-based PEI.

Observation 5 – Resource overhead when sub-grouping is indicated through sequence-based PEI is lower than the one in DCI-based PEI.
Proposal 4 – Use sequence-based PEI as a paging enhancement scheme for UE sub-grouping to reduce overhearing and false-wake-up cost.

Co-existence with existing signals/channels and legacy UEs 
As shown in Fig. 2, a PEI is transmitted with a certain time offset (here it is 50 msec) before a PO. When scheduling the PEI, there is a certain probability that the PEI transmission coincides with transmission of existing signals/channels such as SSB or SIB of other UEs. There is also a certain probability that the PEI transmission coincides with DL transmissions of legacy UEs. 
[image: ]
Figure 2 – Sequence-based paging early indication for a UE in good coverage – with paging

Observation 6 - There is a certain probability that PEI transmission may potentially collide with DL transmission to a legacy UE or DL transmission of existing signals/channels to other UEs.
To allow flexible scheduling and avoid any blocking when a DL transmission coincides with PEI, a new mechanism needs to be added to the ongoing PEI scheme. A potential enhancement to the PEI scheme is inclusion of a timing (or timing and frequency) window for scheduling/monitoring of PEI. This means that instead of having only one occasion for PEI transmission, a window with multiple opportunities for PEI transmission/reception is considered for supporting co-existence of resources that can be used for other traffic. From these multiple opportunities, basically, the gNB selects the one where the PEI transmission would not block other legacy transmissions.
Proposal 5 – A window for PEI transmission/reception prior to PO is supported to avoid any blocking when other DL transmissions coincide with PEI. 
Proposal 6 – Signaling aspects on conveying the configuration of the PEI transmission/reception window and UE/network behavior on PEI reception/transmission are FFS.

Paging early indication (PEI) for UEs operating in FR2 
All the analysis and discussion done on PEI design are for the scenarios where multiplexing pattern 1 for SS/PBCH block and CORESET multiplexing is used (SS/PBCH block and CORESET are TDMed). When a UE operates in FR2, SS/PBCH block and CORESET multiplexing can be FDMed, referred to as multiplexing pattern 2 and pattern 3. The use of sequence-based PEI together with UE sub-grouping is also beneficial here since the UE does not need to monitor a wider bandwidth for its paging detection. For these two settings the PEI can be TDMed and the UE continues to achieve synchronization and paging DCI/paging message reception states if a sequence is transmitted and successfully detected.
Observation 7 – The use of sequence-based early paging indicator is also beneficial for the FR2 case since the UE does not need to monitor a wider bandwidth for its paging detection.
Proposal 7 - Use sequence-based early paging indicator with sub-grouping for paging enhancement for FR2 operation.
Conclusion
In this contribution, the following observations and proposals are made:

Observation 1 – The cost of transition from/to deep sleep as well as synchronization cost are dominant sources of power/energy consumption.
Observation 2 – The TRS/CSI-RS-based and SSS-based PEI designs have significant commonality since they both are sequence-based signal designs and non-coherent detection/correlation is used for their detection.

Observation 3 – Sequence-based PEI fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 
Observation 4 – Since the energy difference between different receiver types, for DCI-based and sequence-based PEIs detection, has not been included in the energy model, sequence-based PEI in reality has a competitive advantage not visible in the current power saving gain comparisons.

Observation 5 – Resource overhead when sub-grouping is indicated through sequence-based PEI is lower than the one in DCI-based PEI.
Observation 6 - There is a certain probability that PEI transmission may potentially collide with DL transmission to a legacy UE or DL transmission of existing signals/channels to other UEs.
Observation 7 – The use of sequence-based early paging indicator is also beneficial for the FR2 case since the UE does not need to monitor a wider bandwidth for its paging detection.

Proposal 1 – Paging enhancement schemes should avoid the UE unnecessarily transitioning from/to sleep states and from/to synchronization states.
Proposal 2 – When making decisions on down-selection of the solution, support to compare calculated power saving gains based on the characteristics of different signal designs (and NOT based on assuming the same number of SSB before PEIs).
Proposal 3 – Support sequence-based PEI as a paging enhancement scheme to reduce idle PO monitoring cost at the UE, as it has higher power saving gain and lower system overhead. 
Proposal 4 – Use sequence-based PEI as a paging enhancement scheme for UE sub-grouping to reduce overhearing and false-wake-up cost.
Proposal 5 – A window for PEI transmission/reception prior to PO is supported to avoid any blocking when other DL transmissions coincide with PEI. 
Proposal 6 – Signaling aspects on conveying the configuration of the PEI transmission/reception window and UE/network behavior on PEI reception/transmission are FFS.
Proposal 7 - Use sequence-based early paging indicator with sub-grouping for paging enhancement for FR2 operation.
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Appendix
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:

	UE subgroups in a PO

	PEI candidate type (PDCCH, SSS, TRS/CSI-RS)
	#SS burst(s) before PO in Rel-16 baseline
	PO paging rate
	Power Saving Gain
	Company
	Assumed #SS burst(s) before PEI
	Assumed #SS burst(s) between PEI and PO when UE is paged

	1
	PDCCH
	1
	10%
	8.95%
	Samsung
	1
	0

	
	
	
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	[16.32%]
	Intel
	1
	[1]

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	2.16%
	Samsung
	2
	0

	
	
	
	10%
	5.0%
	QC
	1
	1

	
	
	
	10%
	15.60%
	Intel
	2
	0

	
	
	
	10%
	15.64%
	Samsung
	1
	1

	
	
	
	10%
	19.5%
	MTK
	1
	1

	
	
	
	10%
	22.5%
	ZTE
	1
	1

	
	
	
	10%
	[24.938%]26.14%
	Intel
	1
	1

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	1

	
	
	3
	10%
	1.88%
	Samsung
	3
	0

	
	
	
	10%
	5.83%
	CATT
	3
	0

	
	
	
	10%
	13.92%
	Intel
	3
	0

	
	
	
	10%
	15.7%
	QC
	1
	2

	
	
	
	10%
	25.5%
	MTK
	1
	2

	
	
	
	10%
	25.33%
	Samsung
	1
	2

	
	
	
	10%
	26.3%
	Apple
	1
	2

	
	
	
	10%
	29.6%
	DoCoMo
	1
	2

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	33% - 37%
	Ericsson
	1
	2

	
	
	
	10%
	[31.75%]32.82%
	Intel
	1
	2

	
	
	
	40%-60%
	12.5%
	DoCoMo
	1
	2

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	
	SSS or TRS/CSI-RS (same results)
	1
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.4%
	Samsung
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	17.67%
	Intel
	1
	0

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	5.0%
	QC
	1
	0

	
	
	
	10%
	6.3%
	QC
	0
	1

	
	
	
	10%
	20.49%
	Samsung
	1
	0

	
	
	
	10%
	20.7%
	MTK
	1
	0

	
	
	
	10%
	22.5%
	ZTE
	1
	0

	
	
	
	10%
	27.33%
	Intel
	1
	0

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	0

	
	
	3
	10%
	15.7%
	QC
	1
	0

	
	
	
	10%
	17.8%
	QC
	0
	1

	
	
	
	10%
	26.6%
	MTK
	1
	1

	
	
	
	10%
	27.9%
	Apple
	1
	0

	
	
	
	10%
	30.19%
	CATT
	1
	0

	
	
	
	10%
	30.84%
	Samsung
	1
	0

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	34.96%
	Intel
	1
	0

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	8
	PDCCH
	1
	10%
	11.31%
	Samsung
	1
	0

	
	
	
	10%
	11.9%
	CMCC
	1
	0

	
	
	
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	18.0%
	MTK
	1
	0

	
	
	
	20%-35%
	11.89%
	Samsung
	1
	0

	
	
	
	20%-35%
	12.04%
	CMCC
	1
	0

	
	
	
	20%-35%
	18.40%
	MTK
	1
	0

	
	
	
	40%-60%
	19.20% - 20.00%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	1

	
	
	
	10%
	20.36% - 31.70%
	HW
	1
	1

	
	
	
	10%
	22.40%
	MTK
	1
	1

	
	
	
	10%
	25.40%
	ZTE
	1
	1

	
	
	
	20%-35%
	22.50%
	MTK
	1
	1

	
	
	
	20%-35%
	20.71% - 31.95%
	HW
	1
	1

	
	
	
	40%-60%
	20.73% - 31.64%
	HW
	1
	1

	
	
	
	40%-60%
	22.80% - 23.20%
	MTK
	1
	1

	
	
	
	40%-60%
	25.40% - 25.70%
	ZTE
	1
	1

	
	
	3
	10%
	17.9%
	QC
	1
	2

	
	
	
	10%
	22.65%
	CMCC
	1
	2

	
	
	
	10%
	28.70%
	MTK
	1
	2

	
	
	
	10%
	30.65% - 42.19%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	23.08%
	CMCC
	1
	2

	
	
	
	20%-35%
	28.80%
	MTK
	1
	2

	
	
	
	20%-35%
	30.72% - 42.12%
	HW
	1
	2

	
	
	
	40%-60%
	29.00% - 29.10%
	MTK
	1
	2

	
	
	
	40%-60%
	29.42% - 42.11%
	HW
	1
	2

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	SSS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	18.53%- 28.90%
	HW
	1
	1

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	16.98% - 26.18%
	HW
	1
	1

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	10.70% - 20.77%
	HW
	1
	1

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	27.69% - 38.11%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.15% - 34.49%
	HW
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	40%-60%
	14.30% - 26.7%
	HW
	1
	2

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	TRS/CSI-RS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	10%
	18.08%
	Samsung
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	20%-35%
	18.54%
	Samsung
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	19.99% - 30.66%
	HW
	1
	0

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	19.93% - 29.79%
	HW
	1
	0

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	
	40%-60%
	19.34% - 26.11%
	HW
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	29.05% - 39.74%
	HW
	1
	1

	
	
	
	10%
	31.55%
	CATT
	1
	0

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	20%-35%
	27.72% - 37.54%
	HW
	1
	1

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	21.90% - 32.78%
	HW
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2
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