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Introduction
This is a summary of the following email discussion:
[97bis#30][LTE/MTCe2] Preamble selection in CE (Ericsson)
-	Email discussion (MTCe2) on way forward on Selection of preambles for BL UEs and UEs in enhanced coverage (Ericsson). 
	Deadline: 04/27/2017

The deadline for the email discussion is Thursday 04/27/2017.

Background
Configuration of groups for CE levels and groups A/B
In eMTC, up to four CE-levels can be configured for RACH depending on the required cell coverage. Each CE-level has an associated PRACH resource (i.e. the time/frequency resources used for PRACH transmission) and an associated set of preambles (defined by firstPreamble and lastPreamble). The eNB can determine the CE level selected by the UE based on either the preamble or the PRACH resource (see figure below).


[image: ]
Figure 1: CE level differentiation based on preamble partitioning (a) or PRACH resource (b). For simplicity only two CE levels are shown.

It is also possible, at least from RRC point of view, to divide the preamble space in to group A and group B. Further it is suggested by the following NOTE from MAC that it is possible to use preambles per CE-level at the same time as group A and group B are configured.

NOTE:	If Random Access Preamble group B exists, the eNB should ensure that at least one Random Access Preamble is contained in Random Access Preamble group A and Random Access Preamble group B for all enhanced coverage level. 

One interpretation of the NOTE is that the eNB should ensure that if preambles per CE-level is configured at the same time as group A and group B are configured, then the eNB must configure the UE preambles like in Figure 2 below. Namely, the eNB must configure one PRACH resource for each configured CE-level and for each CE-level the firstPreamble and lastPreamble for each CE-level must be such that each CE-level has at least one preamble in Group A and at least one preamble in Group B. With this type of configuration the UE should take the intersection between the CE-level specific preamble range and preamble group A or B before selecting the preamble. Note also that the split of the preambles in Group A/B is common for all PRACH resources. 
However, we wonder if the configuration in the figure is very meaningful as anyhow the dedicated preambles (right end) should be same for all PRACH resources (i.e. that lastPreamble is the same for all PRACH resources). And there is no usage of the free preambles in the left side of “first preamble”.
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[bookmark: _Ref479852380][bookmark: _Ref479852375]Figure 2: (Alt. 1) CE-level specific preamble ranges are used at the same time as preamble group A and B are configured.
An alternative way to configure different CE levels only with separate PRACH resources together with group A and B would be as in Figure 3 below. Here firstPreamble and lastPreamble are the same for all CE-levels and coincides with the start and end of preamble group A and B, respectively, i.e., firstPreamble = 0 and lastPreamble = numberOfRA-Preambles - 1. In this case the UE can select a preamble directly from group A or group B, i.e. there is no need perform any intersection operation.
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[bookmark: _Ref479852430][bookmark: _Ref479852435]Figure 3: (Alt. 2) CE-level specific preamble ranges are not at the same time as preamble group A and B are configured (i.e. the parameters firstPreamble and lastPreamble are the same for all CE levels and coincide with the start of preamble group A and end of preamble group B, respectively).

In the third scenario, preamble ranges for CE levels are configured by partitioning the preamble space of a PRACH resource. In this scenario, grouping to A and B clearly does not work, i.e, non-empty groups A and B cannot be ensured on the PRACH resource without preamble ranges overlapping between CE levels.
[image: ]
Figure 4: Invalid configuration: CE-levels 0 and 1 use the same PRACH resource and have overlapping preamble ranges.

From the above discussion we observe that:
If the network configures preamble group A and B to allow the UE to indicate the size of msg3, then preamble partitioning can no longer be used for CE level differentiation but each CE level must be configured with a separate PRACH resource (i.e. separate time/frequency resources).

Current behaviour in MAC
The preambles for each CE-level are currently referred to as a Random Access Preambles group in MAC. This is the same terminology used for preamble group A and B.
According to the current MAC specification, if preamble group B is configured, then BL UEs and UEs in enhanced coverage would perform selection of “Random Access Preambles group” twice, and hence the first selection is overruled by the second selection.
See the below, the blue will be performed and it makes the UE select the preambles associated with a CE-level. However, if preambles group B exists then the UE will also perform one of the yellow lines, and when that happens the blue selection will be obsolete.

	-	If Msg3 has not yet been transmitted, the MAC entity shall, for BL UEs or UEs in enhanced coverage:
-	select the Random Access Preambles group and the PRACH resource corresponding to the selected enhanced coverage level;
-	Except for BL UEs or UEs in enhanced coverage in case preamble group B does not exist, or for NB-IoT UEs, if Msg3 has not yet been transmitted, the MAC entity shall:
-	if Random Access Preambles group B exists and any of the following events occur:
-	the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB;
-	the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC header is greater than messageSizeGroupA;
-	select the Random Access Preambles group B;
-	else:
-	select the Random Access Preambles group A.
-	else, if Msg3 is being retransmitted, the MAC entity shall:
-	select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.
-	randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability;




In other words, when group A and B are configured, the UE will select a preamble directly from group A or group B and ignores the CE-level associated preamble ranges defined by firstPreamble and lastPreamble. This behaviour is equivalent to the behaviour resulting from the configuration in Figure 3 in the previous section (i.e., Alt. 2). This also means that the Note described in the previous section is inconsistent since it suggests that the configuration in Figure 2 should be possible to achieve (i.e., Alt. 1).
In the current MAC specification, the UE ignores the CE-level associated preamble ranges defined by firstPreamble and lastPreamble when preamble group A and B are configured.

Discussion
It is useful if RAN2 discusses the intended behaviour  

Alt. 1) CE-level specific preamble ranges can be used at the same time as preamble group A and B are configured. When group A and B are configured the UE selects a preamble from the set resulting from the intersection of the CE-level specific preamble range and preamble group A or B.
Alt. 2) CE-level specific preamble ranges are not used (i.e. the parameters firstPreamble and lastPreamble are ignored) when preamble group A and B are configured. When group A and B are configured the UE selects a preamble directly from group A or B. This is in line with the current MAC behaviour.
Discussion point 1: Which of the alternatives 1 and 2 above do you prefer?
Table 1. Company's view on Discussion point 1
	Company’s name
	Alternative
	Comments

	Ericsson
	2
	Alternative 2 is simpler and even if alternative 1 was possible we anyway expect that systems will be configured according to alternative 2 in practice (i.e. when preamble group A and B are used the network would set firstPreamble = 0 and lastPreamble = numberOfRA-Preambles – 1 for all CE levels). We believe alternative 2 was the originally intended behaviour but then the note in section 5.1.1 was added which caused this confusion. 

	LG
	1
	In our understanding, if firstPreamble and lastPreamble exist, Alternative 1 is the suitable way to express the current specification. Different CE level can have different preamble range and the only preambles within this range should be used for RA at each CE level. Thus preamble group A or B should be defined within this preamble range. In this sense, when preamble group A or B exist, group A can be defined from firstPreamble to sizeOfRA-PreamblesGroupA – 1 and group B is from sizeOfRA-PreamblesGroupA to lastPreamble. We also believe the NOTE in section 5.1.1 was added to clarify that firstPreamble should be smaller than sizeOfRA-PreamblesGroupA and lastPreamble should be larger than sizeOfRA-PreamblesGroupA. Please refer to the figure below.



However if firstPreamble and lastPreamble are not existed because of optional configuration, an UE can have whole range of preamble (0 through numberOfRA-Preambles) for group A and B. Thus all CE level should have same group A and B if firstPreamble and lastPreamble are not existed at each CE level. Please find detail at the below figure. 



To summarise, we think that the definition of group A and B can be different as explained above according to whether preamble range by firstPreamble and lastPreamble exist or not. Therefore this should be captured into the MAC CR. 

	ZTE
	1
	Agree with LG that “Different CE level can have different preamble range and the only preambles within this range should be used for RA at each CE level. Thus preamble group A or B should be defined within this preamble range.” 
So we also agree that Alt1 is a suitable way to express the current specification if firstPreamble and lastPreamble exist. However, we don’t agree the above configuration examples for Alt1. 

We think the above configuration examples for both Alt1 (including those from Ericsson and LG) and Alt2 make it impossible to configure preamble-based CE level differentiation. CE level differentiation can only be based on time or frequency resource. However, for time resource differentiation, the delay issues may exist in some CE levels. For frequency resource differentiation, the more frequency resources are needed. We think preamble-based CE level differentiation still may be needed in some scenarios. The specification should provide possibility for such configuration.

A kind of thorough solution (Alt3) may be to directly configure preamble group A and B within CE-level specific preamble ranges.
If other companies concern the ASN.1 impact for Alt3, we can agree the concept of Alt1 and suggest another way to configure different CE levels together with group A and B.
 
We give two configuration examples as in Figure 4-1 and Figure 4-2 below. Here sizeOfRA-PreamblesGroupA is understood as the size of preamble group A rather than the boundary between group A and group B (such understanding aligns with the definition for sizeOfRA-PreamblesGroupA in 36.331).


Figure 4-1: CE-level specific preamble ranges are used at the same time as preamble group A and B are configured (with preamble ranges overlapping between CE levels).


Figure 4-2: CE-level specific preamble ranges are used at the same time as preamble group A and B are configured (without preamble ranges overlapping between CE levels).
In such type of configuration, the UE should take the intersection between the CE-level specific preamble range and preamble group A or B before selecting the preamble. However, there has no such restriction that the split of the preambles in Group A/B is common for all PRACH resources. Only the size of group A is common for all PRACH resources.

The remaining issue is how to configure dedicated preambles. There has no explicit definition for dedicated preambles for each CE level in eMTC. Since firstPreamble and lastPreamble can be flexibly configured, potentially, all the preambles outside the range from firstPreamble to lastPreamble can be used as dedicated preambles. However, we don’t prefer such understanding since it brings complexity to non-contention based PRACH.

So we also agree such understanding that the dedicated preambles (right end) should be same for all PRACH resources. And we assume that a reasonable explanation should be that the set of dedicated preambles is from numberOfRA-Preambles to 63 (like that in legacy LTE), even when the firstPreamble and lastPreamble are configured.

Moreover, we suggest to add a note in order that the dedicated preambles can be same for all PRACH resources when the firstPreamble and lastPreamble are configured.

	NTT DOCOMO
	2(?)
	We think that the decription of alternatives are not clear since firstPreamble and lastPreamble need to be signalled anyway. We understand the problem is that the current MAC does not capture Figure.2 correctly and then the discussion point is whether Figure.2 needs to be allowed or not. So, we assume the Alternatives are

Alt1) Figure2 is allowed
Alt2) Figure2 is not allowed

From our point of view, Alt2 is fine since Figure3 is a typical configuration of firstPreamble and lastPreamble when Group A and B are also used. It should be noted that as pointed out by LGE, the intension of NOTE which the rapporteur referred was just avoid figure4 and nothing about Figure 2 or 3. 

	Intel
	2
	We share the views explained by Ericsson and DOCOMO.
In addition, we have sympathy for ZTE's point of adding a note to prevent ambiguity of dedicated preambles for (non-contention based RA). Therefore we suggest adding the following note in alternative 2.


	Huawei, HiSilicon
	2
	We agree with Ericsson considering the simplicity. When group A and group B are configured, the UE selects a preamble from group A or B regardless of the parameters firstPreamble and lastPreamble defined for each CE-level. When group B is not configured, CE-level specific preamble ranges should be used.

	Qualcomm
	1
	We believe the intention was to allow both CE level and group A/B differentiation hence has similar view to LG.



If alternative 1 is selected, it is suggested to capture in MAC how the intersection of the CE-level specific preamble range and preamble group A or B is performed by the UE, as proposed in the corresponding draft MAC CR.
Discussion point 2: If alternative 1 is selected, do you have any comments on the corresponding draft MAC CR? 
Table 2. Company's view on Discussion point 2
	Company’s name
	Comments

	Ericsson
	We prefer alternative 2 but if other companies think alternative 1 is better, we are fine with capturing it in the way as proposed in draft CR.

	LG
	The suggested changes would be ok with some modifications.
- Configuration for firstPreamble and lastPreamble is optional in RRC specification. If these are not available, UEs should define group A and B without intersection. We think that this should be addressed in the specification for clarification. 
- In section 5.1.5, the sentence for ContentionResolutionTimer should not be removed this CR because we have focused on preamble definition. So this is out of scope of this CR. 
Please find details at the attached MAC CR. 

	ZTE
	See the proposed changes to alternative1 (only in section 5.1.1).

	Qualcomm
	The CR for alternative 1 looks fine provided the case of firstPreamble & lastPreamble not provided. E.g.

· Random Access Preambles group A contains the preambles in the intersection of the set defined by 0 to sizeOfRA-PreamblesGroupA – 1 and the set defined by firstPreamble (or 0 if firstPreamble not provided) and lastPreamble (or numberOfRA-Preambles – 1 if lastPreamble not provided) of the current enhanced coverage level of the UE;
-	Random Access Preambles group B, if it exists, contains the preambles in the intersection of the set defined by sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 and the set defined by firstPreamble (or 0 if firstPreamble not provided) and lastPreamble (or numberOfRA-Preambles – 1 if lastPreamble not provided) of the current enhanced coverage level of the UE;




If alternative 2 is selected, it is suggested to clarify in MAC that CE-level specific preamble ranges are not used at the same time as preamble group A and B and remove the misleading note in section 5.1.1, as proposed in the corresponding draft MAC CR.
Discussion point 3: If alternative 2 is selected, do you have any comments on the corresponding draft MAC CR? 
Table 3. Company's view on Discussion point 3
	Company’s name
	Comments

	Ericsson
	We are fine with the suggested changes.

	LG
	- firstPreamble and lastPreamble are optional configurations. When these are not existed, the specification should address how to define preamble group. 
- In section 5.1.2 should be updated like below.
“Except for BL UEs or UEs in enhanced coverage in case preamble group B does not exist, or for NB-IoT UEs”
- In section 5.1.5, the sentence for ContentionResolutionTimer should not be removed this CR because we have focused on preamble definition. So this is out of scope of this CR.

	NTT DOCOMO
	The current CR intends to change the UE behaviour such that UE does not refer to firstPreamble and lastPreamble when group A and B are configured. However, we think that the configurations such as Figure2 and 4 can be avoided by NW configuration. Thus, we prefer to capture some guideline for eNB in either MAC or RRC. 

	Intel
	We are ok with the changes on the CR and the ones suggested by LG. As it is mentioned above, we also suggest adding the following note: "If firstPreamble and lastPreamble are configured, the eNB should ensure that numberOfRA-Preambles is no less than the maximum value of lastPreamble for each enhanced coverage level"

	Huawei, HiSilicon
	We agree with the MAC CR for Alt2.

	Qualcomm
	Don’t support alternative 2.




Summary of email discussion
The following seven (7) companies participated in the email discussion: Ericsson, LG, ZTE, NTT DOCOMO,  Intel, Huawei/HiSilicon, and Qualcomm.
Regarding whether CE-level specific preamble ranges can be used at the same time as preamble group A and B, two companies (LG and Qualcomm) prefer alternative 1 and four companies (Ericsson, NTT DOCOMO, Intel, Huawei/HiSilicon) prefer alternative 2. One company (ZTE) proposed a third alternative where the preamble group A and B are defined in different way than today.
It is proposed to go forward with the majority opinion, i.e. alternative 2.
[bookmark: _Toc481155082][bookmark: _Toc481485137][bookmark: _GoBack]CE-level specific preamble ranges are not used at the same time as preamble group A and B (i.e. Alt. 2).
For the CR implementing alternative 1 one company (LG) commented that the parameters firstPreamble and lastPreamble defining the CE level specific preamble range are optional in RRC and might hence not always be available. This is however not true: firstPreamble and lastPreamble must be provided for each configured CE level according to the RRC specification. The same company also suggested to remove the change related to the mac-ContentionResolutionTimer as this change is not within the scope of the email discussion. Similar comments was also made by the same company for the CR implementing alternative 2. One company (ZTE) suggested more extensive changes to show how their third alternative can be implemented.
For the CR implementing the second alternative, one company (NTT DOCOMO) commented that they wanted to capture some guideline in RRC or MAC on how firstPreamble and lastPreamble should be configured. One company (Intel) suggested to clarify in a note the relation between numberOfRA-Preambles and lastPreamble
It is proposed to use the proposed CRs as baseline and after RAN2 has agreed on which alternative to adopt changes to the CR implementing that alternative can be further discussed.
Proposed way forward
Based on the summary in the previous section, the following is proposed:
Proposal 1	CE-level specific preamble ranges are not used at the same time as preamble group A and B (i.e. Alt. 2).
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