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Discussion and decision
1 Introduction

In RAN2#100 meeting, following agreement was made.
- PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.

In RAN2#101bis meeting, following agreement was made.

- For eMTC, it should be possible for the network to configure both ‘separate PRACH resources, i.e. time and frequency, per CE level for EDT and non-EDT’ and/or ‘separate preambles within a RACH resource for EDT and non-EDT’.

The edt-LastPreamble-r15 field is defined as mandatory within edt-Parameters-r15 structure; so eNB has to configure edt-LastPreamble-r15, if it wants to configure EDT parameters. However, according to its field description of edt-LastPreamble-r15, when random access preambles group B is used, edt-LastPreamble-r15 cannot be configured, which would mean that other EDT parameters cannot be configured. In this contribution, we discuss the issue and possible options to consider to realize the RAN2 agreement.

2 Discussion
Limitation in EDT PRACH resource
For EDT, separate EDT parameters are configured for each CE level as follows.

[[
edt-Parameters-r15


SEQUENCE {




edt-LastPreamble-r15

INTEGER(0..63),



edt-SmallTBS-Enabled-r15
BOOLEAN,




edt-TBS-r15



ENUMERATED {b328, b408, b504, b600, b712,













b808, b936, b1000or456},




mac-ContentionResolutionTimer-r15
ENUMERATED {sf240, sf480, sf960,














sf1920, sf3840, sf5760, sf7680, sf10240}

OPTIONAL -- Need OP




}
OPTIONAL

-- Cond EDT


]]

Note that the field description of edt-LastPreamble explains that when random access preambles group B is not used, this parameter is not configured, as shown below. However as previously explained, the edt-LastPreamble-r15 is defined as mandatory within edt-Parameters-r15 structure of the ASN.1.
edt-LastPreamble

Provides the mapping of preambles to groups for each CE level for EDT, as specified in TS 36.321 [6]. The preambles for EDT are the preambles lastPreamble-r13 +1 to edt-LastPreamble-r15. E-UTRAN configures this field only when random access preambles group B is not used.
This brings the limitation in the PRACH configuration for EDT and hence limitation in the use of EDT. This also does not align with the RAN2 agreements mentioned above.
Issue#1: preamble group B exists and is used

The random access preambles group B may exist and is used by LTE-eMTC UEs as separate PRACH resource being confgiured for multiple CE levels, in which case, EDT cannot be configured as shown in table 1. 
Observation 1. Currently, when random access preambles group B exists and is used by LTE-eMTC UEs as separate PRACH resource being confgiured for multiple CE levels, in which case, EDT cannot be configured.

Issue#2: preamble group B does not exist but separate PRACH resource for legacy eMTC and EDT for each CE level

Also note that when random access preambles group B does not exist and separate PRACH resource for each CE level is used for both legacy eMTC and EDT (i.e., edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate), then there is no need to perform further preamble partitioning between legacy eMTC and EDT. EDT can use any preambles.

Observation 2. When random access preambles group B does not exist and separate PRACH resource for each CE level is used for both legacy eMTC and EDT (i.e., edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate), then preambles are further partitioned between legacy eMTC and EDT, which is not necessary.
Issue#3: regardless of preamble group B exists, PRACH resources are already shared among multiple CE levels

When PRACH resource is shared among different CE levels but however, PRACH resource for legacy eMTC and for EDT are separate, preambles are partitioned for multiple CE levels. Currently preambles are further partitioned between legacy eMTC and EDT as shown in the Table 1. This is not necessary and preamble congestion can be reduced by not further partitioning.

Observation 3. When PRACH resource is shared among multiple CE levels but however, PRACH resource for legacy eMTC and for EDT are separate, further preamble partitioning is not required and preambles for EDT can be same as firstpreamble-r13 to lastpreamble-r13 which is currently not possible.
Table 1 illustration for the PRACH resource configuration for EDT

	
	Random access preambles group B does not exist
	Random access preambles group B exists

	Separate PRACH resource for each CE level
	Preambles for legacy eMTC:

firstpreamble-r13 to lastpreamble-r13

	Preambles for legacy eMTC: (group A and B used)

firstpreamble-r13 = 0 to lastpreamble-r13 = numberOfRA-Preambles-1

	
	Preambles for EDT: possible but not entirely correct (further partition)
lastpreamble-r13 + 1 to edt-lastpreamble-r15
If PRACH resource for legacy eMTC and for EDT are also separate, preambles for EDT can be 0 to numberOfRA-Preambles-1, but NOT possible (issue#2).
	Preambles for EDT: NOT possible (issue#1)


	PRACH resource shared among multiple CE levels
	Preambles for legacy eMTC:

firstpreamble-r13 to lastpreamble-r13
	Preambles for legacy eMTC: (group A and B not used, so same)

firstpreamble-r13 to lastpreamble-r13

	
	Preambles for EDT: possible (further partition)
lastpreamble-r13 + 1 to edt-lastpreamble-r15
However, further if PRACH resource for legacy eMTC and for EDT are separate, further preamble partitioning is not required and preambles for EDT can same as firstpreamble-r13 to lastpreamble-r13, but NOT possible (issue#3).
	Preambles for EDT: possible (further partition)
lastpreamble-r13 + 1 to edt-lastpreamble-r15

However, further if PRACH resource for legacy eMTC and for EDT are separate, further preamble partitioning is not required and preambles for EDT can same as firstpreamble-r13 to lastpreamble-r13, but NOT possible.


Solutions
The solutions to issues #1, #2 and #3 can be resolved as summarized in Table 2 below.

Table 2 solutions for the PRACH resource configuration for EDT
	
	Random access preambles group B does not exist
	Random access preambles group B exists

	Option #1)

Separate PRACH resource for each CE level
	Preambles for legacy eMTC:

firstpreamble-r13 to lastpreamble-r13

	Preambles for legacy eMTC: (group A and B used)

firstpreamble-r13 = 0 to lastpreamble-r13 = numberOfRA-Preambles-1

	
	Preambles for EDT: Solution to issue#2
Case 1.1: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource)

         0 to numberOfRA-Preambles-1

Case 2.1: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource (in time/frequency resource)

    further preamble partitioning as

    0 to edt-lastpreamble-r15 where

    firstpreamble-r13 = edt-lastpreamble-r15 + 1
OR 

lastpreamble-r13 + 1 to edt-lastpreamble-r15
	Preambles for EDT: Solution to issue#1

Case 1.2: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource)

         0 to numberOfRA-Preambles-1

Case 2.2: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource (in time/frequency resource)

   Solution#2.2a: further preamble partitioning as

    0 to edt-lastpreamble-r15 where

    firstpreamble-r13 = edt-lastpreamble-r15 + 1

 Solution#2.2b: NOT supported, no change to legacy text regarding firstpreamble-r13 = 0.

	Option #2)

PRACH resource shared among multiple CE levels (preamble partitioning)
	Preambles for legacy eMTC:

firstpreamble-r13 to lastpreamble-r13
	Preambles for legacy eMTC: (group A and B not used)

firstpreamble-r13 to lastpreamble-r13

	
	Preambles for EDT: 
Case 3.1: (Solution to issue#3) edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource)

  firstpreamble-r13 to lastpreamble-r13
Case 4.1: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource (in time/frequency resource)

    lastpreamble-r13 + 1 to edt-lastpreamble-r15
	Preambles for EDT: 
Case 3.2: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource)

      firstpreamble-r13 to lastpreamble-r13

Case 4.2: edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource (in time/frequency resource)

   lastpreamble-r13 + 1 to edt-lastpreamble-r15


The solution to issue#1 and issue#2 when the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource), i.e., case 1.1 and 1.2 in Table 2 is to let EDT use any preambles from 0 to numberOfRA-Preambles-1. However, when the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource, i.e., case 2.1 in Table 2, preamble needs to distinguish the legacy eMTC and EDT, therefor further partitioning is needed. Therefore, the preambles for EDT are lastpreamble-r13 + 1 to edt-lastpreamble-r15.

Observation 4. solution to issue#1 and issue#2 when the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource) is to let EDT use any preambles from 0 to numberOfRA-Preambles-1 (case 1.1 and 1.2 in Table 2), otherwise, lastpreamble-r13 + 1 to edt-lastpreamble-r15 (case 2.1 in Table 2).

However, for the case random access preamble group B is used by eMTC and the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common PRACH resource, i.e. case 2.2 in Table 2, then firstpreamble-r13 cannot be set to 0 as in legacy, firstpreamble-r13 needs to be set to edt-lastpreamble-r15 + 1 for differentiation between legacy eMTC and EDT. This requires changes in the field description of preambleMappingInfo and results in backward compatibility issue. Therefore, this case can be considered as not supported by EDT.

Observation 5. Not to impact legacy eMTC (i.e., not to change firstpreamble-r13 = 0 in the field description of preambleMappingInfo), when random access preamble group B is used by eMTC, the PRACH resource for edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 should not be configured as common PRACH resource or further preamble partitioning between legacy eMTC and EDT should not be done (case 2.2 in Table 2).
Proposal 1. When random access preamble group B is used by eMTC, the PRACH resource for edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 is not configured as common PRACH resource.

For the issue#3, when PRACH resource is shared among multiple CE levels (preamble partioning is needed and Group B, if exists, is not used) but however, the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are separate PRACH resource (in time/frequency resource), i.e. case 3.1 and 3.2 in Table 2, then further partitioning the preambles between legacy eMTC and EDT is not required. The EDT can use the same range of preamble (firstpreamble-r13 to lastpreamble-r13) as legacy eMTC for each CE level.

Observation 6. when PRACH resource is shared among multiple CE levels but however, the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are separate PRACH resource (in time/frequency resource), i.e. case 3.1 and 3.2 in Table 2, EDT can use the same range of preambles (firstpreamble-r13 to lastpreamble-r13) as legacy eMTC for each CE level.
Note that case 4.1 and case 4.2 in Table 2 are currently possible. Even though there seems to be many solutions, they can be implemented by simple update in the field description of edt-lastpreamble-r15 as provided in [1].

Option # 1: resolving only issue # 1
	edt-LastPreamble

Provides the mapping of preambles to groups for each CE level for EDT, as specified in TS 36.321 [6]. When random access preamble group B does not exist or is not used for the PRACH resource PRACH-ParametersCE-r13, Tthe preambles for EDT are the preambles lastPreamble-r13 +1 to edt-LastPreamble-r15. E-UTRAN configures this field only when random access preambles group B is not used. When random access preamble group B is used for the PRACH resource PRACH-ParametersCE-r13 and edt-PRACH-ParametersCE-r15 is not shared with PRACH-ParametersCE-r13 for any CE level, the preambles for EDT are the preambles 0 to edt-LastPreamble-r15 where edt-LastPreamble-r15 is set to numberOfRA-Preambles-1. Otherwise, E-UTRAN does not configure this field.


Option # 2: resolving all issues

	edt-LastPreamble

Provides the mapping of preambles to groups for each CE level for EDT, as specified in TS 36.321 [6]. When PRACH resource is shared among multiple CE levels (preamble partitioning) and edt-PRACH-ParametersCE-r15 is also shared with PRACH-ParametersCE-r13, Tthe preambles for EDT are the preambles lastPreamble-r13 +1 to edt-LastPreamble-r15. E-UTRAN configures this field only when random access preambles group B is not used. When PRACH resource is shared among multiple CE levels (preamble partitioning) but edt-PRACH-ParametersCE-r15 is not shared with PRACH-ParametersCE-r13, the preambles for EDT are the preambles firstPreamble-r13 to edt-LastPreamble-r15 where edt-LastPreamble-r15 is set to lastPreamble-r13.

When separate PRACH resource for each CE level is configured (i.e., CE level is distinguished by PRACH resource) and edt-PRACH-ParametersCE-r15 is not shared with PRACH-ParametersCE-r13 for any CE level, the preambles for EDT are the preambles 0 to edt-LastPreamble-r15 where edt-LastPreamble-r15 is set to numberOfRA-Preambles-1.
When numberOfRA-Preambles is same as sizeOfRA-PreamblesGroupA, separate PRACH resource for each CE level is configured (i.e., CE level is distinguished by PRACH resource) and edt-PRACH-ParametersCE-r15 is shared with PRACH-ParametersCE-r13 for a CE level, the preambles for EDT are the preambles lastpreamble-r13 + 1 to edt-lastpreamble-r15. Otherwise, E-UTRAN does not configure this field.


Based on the observations above, we propose following.
Proposal 2. Update the field description of edt-LastPreamble-r15 to allow the configuration of PRACH resource for EDT for the cases when edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common or separate and when PRACH resource for multiple CE levels is shared or separate as provided in option # 1 or option # 2.
3 Conclusion 

The observations captured are the following:
Observation 1.
Currently, when random access preambles group B exists and is used by LTE-eMTC UEs as separate PRACH resource being confgiured for multiple CE levels, in which case, EDT cannot be configured.
Observation 2.
When random access preambles group B does not exist and separate PRACH resource for each CE level is used for both legacy eMTC and EDT (i.e., edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate), then preambles are further partitioned between legacy eMTC and EDT, which is not necessary.
Observation 3.
When PRACH resource is shared among multiple CE levels but however, PRACH resource for legacy eMTC and for EDT are separate, further preamble partitioning is not required and preambles for EDT can be same as firstpreamble-r13 to lastpreamble-r13 which is currently not possible.
Observation 4.
solution to issue#1 and issue#2 when the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are also separate PRACH resource (in time/frequency resource) is to let EDT use any preambles from 0 to numberOfRA-Preambles-1 (case 1.1 and 1.2 in Table 2), otherwise, lastpreamble-r13 + 1 to edt-lastpreamble-r15 (case 2.1 in Table 2).
Observation 5.
Not to impact legacy eMTC (i.e., not to change firstpreamble-r13 = 0 in the field description of preambleMappingInfo), when random access preamble group B is used by eMTC, the PRACH resource for edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 should not be configured as common PRACH resource or further preamble partitioning between legacy eMTC and EDT should not be done (case 2.2 in Table 2).
Observation 6.
when PRACH resource is shared among multiple CE levels but however, the edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are separate PRACH resource (in time/frequency resource), i.e. case 3.1 and 3.2 in Table 2, EDT can use the same range of preambles (firstpreamble-r13 to lastpreamble-r13) as legacy eMTC for each CE level.

The proposal captured are the following:
Proposal 1.
When random access preamble group B is used by eMTC, the PRACH resource for edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 is not configured as common PRACH resource.
Proposal 2.
Update the field description of edt-LastPreamble-r15 to allow the configuration of PRACH resource for EDT for the cases when edt-PRACH-ParametersCE-r15 and PRACH-ParametersCE-r13 are common or separate and when PRACH resource for multiple CE levels is shared or separate as provided in option # 1 or option # 2.
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