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1 Introduction
At the last meeting several agreements were made related to the open issue of dedicated preamble assignment. This document elaborates the reasoning for the TP provided in ‎[3] that implements the recent agreements on the subject. The ambition is to provide an agreeable TP based on the agreements made before, without introducing additional optimizations.
2 Summary of Agreements
Based on our previous document ‎[1] and the related discussion it was agreed:

1. Use a code point in the 6-bit RAPID field (corresponding to a random preamble) to order the UE to perform RA with a random preamble.
2. Introduce a validity pattern in the time domain for dedicated preambles (for all use cases of dedicated preambles).
3. Furthermore, the way forward described in ‎[2] was also agreed. 
3 Discussion

3.1 PDCCH order to use a random RA Preamble 

In order to have a simple solution that does not require extensive checks, we propose to use the RAPID codepoint 000000 to indicate that the UE uses a randomly selected RA preamble out of the preamble groups A and B (if it exists) according to the rules already specified.

In ‎[3] we provide the required changes to the MAC spec in the section 5.1.2 and 5.1.4: … PRACH resource have been explicitly signaled and the signaled random access preamble ID is not 000000.
Proposal 1: Agree on the related Text Proposals in ‎[3] to capture the PDCCH order for using a random RA preamble.
3.2 Dedicated Preamble Validity Pattern 

In order to re-use dedicated preambles for different UEs, it was agreed to introduce a validity pattern as described in ‎[2]. It was also agreed that a UE can either use only a single PRACH or all PRACHs in a radio frame. In addition, there is the possibility to assign either all even or odd opportunities in the time domain. Depending on the system bandwidth, either 2 bits or 4 bits are available in the PDCCH Format 1C message to signal the corresponding information.

For the 2 bits case, the four codepoints are used to signal that either all PRACH occurrences can be used or only the 1st, the 2nd or the 3rd opportunity in a radio frame.

For the 4 bits case, the four codepoints are used to signal that either all PRACH occurrences can be used or only the 1st, the 2nd , the 3rd  and so on opportunity in a radio frame. In addition, two code-points signal that either all even or all odd opportunities in the time domain can be used. 
In our view, the most straightforward way to capture the agreements affects not only 36.321, but also 36.211, in which the PRACH resources for frame structure 1 and frame structure 2 are described. In addition, the interpretation of the PDCCH Format 1C message for this use-case needs to be captured in 36.212.
The agreement ‎[2] to use, e.g., every 1st or every 2nd PRACH opportunity, requires that a unique order of PRACH resources is defined. Such a unique order is already provided by 36.211 for FDD and for TDD in the respective tables.
On a high level, our preferred way of introducing the validity pattern concept would be the following: 

· Capture in 36.321 that if a dedicated preamble is assigned, the potential restrictions due to the PDCCH-signalled validity pattern are considered for the determination of the next PRACH occasion in section 5.1.3.
· To allow this, we assume that the value signaled in the Format 1C message is provided by the physical layer to the MAC sub-layer. We denote this parameter as PRACH Mask Index. 
· Map the PRACH Mask Index signaled with PDCCH to the corresponding PRACH index. 

· Order the PRACH resources for TDD as described in Table 5.7.1-4 in 36.211 according to their occurrence in time and frequency. 
The PRACH occasions need to be ordered in a way that they are addressable by a PRACH mask that indicates at which occasions a dedicated Random Access Preamble can be applied, i.e. every 1st, every 2nd and so on.

As mentioned, we assume that the physical layer provides a PRACH mask index that is signaled in the PDCCH message used for dedicated preamble assignment to the MAC layer. The PRACH mask index indicates which PRACH mask should be applied. This approach is agnostic to the bandwidth differences, i.e., whether 2 or 4 bits are used to signal the PRACH mask index. Therefore, this has the advantage that the bandwidth is not visible in the MAC spec. and the 2 bits and 4 bits cases can be handled in a common way. In case 2 bits are used for the PRACH mask index, only the first four cases in the table below can be addressed.
The application of the dedicated preamble assignment including the time validity pattern for FDD is straightforward (see example 1 in the Annex), since only a single PRACH resource occurs in every subframe. The PRACH indices have for FDD only a time dimension. Based on the signaled PRACH Mask Index either the UE might attempt to send the assigned dedicated preamble in all PRACH opportunities, only in the one that is explicitly assigned (PRACH Index 0 – 9) or all even or odd opportunities. 

For TDD the issue is slightly different, since in some configurations PRACH opportunities occur only in time (similar to FDD), only in frequency (e.g. for UL/DL configuration 5) or in time and frequency.

However, since 36.211 provides a table with the PRACH opportunities, it is simple to refer to an unique entry in that table. This pointer is again the PRACH index. E.g., PRACH Index 0 points to the first entry in Table 5.7.1-4 for a specific PRACH configuration, PRACH index 1 to the second and so on, regardless of their occurrence in time or frequency. Thus, the mapping is as simple as for FDD if a unique PRACH opportunity is assigned.

The handling of codepoints 11 and 12 is slightly more complex, since in these cases there exist configurations where more than one PRACH opportunity occurs in a particular subframe. To select the corresponding PRACH subframes for the codepoints 11 and 12 requires a closer look when and where the PRACH opportunities occur. Example 2 in the Annex provides an example.

Table 1: PRACH Mask Index values

	PRACH Mask Index
	Allowed PRACH

	0
	All

	1
	PRACH Index 0

	2
	PRACH Index 1

	3
	PRACH Index 2

	4
	PRACH Index 3

	5
	PRACH Index 4

	6
	PRACH Index 5

	7
	PRACH Index 6

	8
	PRACH Index 7

	9
	PRACH Index 8

	10
	PRACH Index 9

	11
	Every, in the time domain, even PRACH opportunity

	12
	Every, in the time domain, odd PRACH opportunity

	13-15
	Reserved


Based on the agreements in ‎[2], we identified one small issue that was left unclear at the last meeting. If the PRACH Mask Index is 11 or 12 and a TDD configuration is applied that supports several PRACH opportunities in the same subframe (see Example 2 in the Annex), then it is unclear which opportunity should be selected since the agreed rule points only to a PRACH resource in the time-domain (even or odd), but not in the frequency domain. 
There are two possible approaches:

· Select randomly one of the PRACH resources that occur in the given subframe. This means the UE has the freedom to choose.

· The UE select a unique PRACH resource that occurs in the given subframe according to a rule. For example the rule could be to pick the PRACH resource that occurs first in Table 5.7.1-4. This approach has the advantage that the other PRACH resources could be assigned to another UE. 

We prefer the latter approach, since it is simple and increases the PRACH capacity, by avoiding collisions.

In summary, the approach described above provides a low complex implementation of the previous agreements, since all different scenarios (2 bits & 4 bits PRACH Mask Index, TDD & FDD) can be handled with a single table.

We have prepared corresponding RAN1 documents ‎[5]

 REF _Ref209920649 \r \h 
‎[6]‎[7] to initiate capturing of the Layer 1 aspects..

Proposal 2: Agree on the related Text Proposals in ‎[3] to capture the potential restriction of the dedicated preamble usage for PDCCH ordered RA.
4 Conclusion

Based on the discussion above, we provided text proposals to capture the previous agreements. Related contributions have been submitted to RAN1 ‎[5]

 REF _Ref209920649 \r \h 
‎[6]‎[7] to introduce the text that is needed in RAN1 specifications.
It is proposed to agree on the following proposals:

Proposal 1: Agree on the related Text Proposals in ‎[3] to capture the PDCCH order for using a random RA preamble.
Proposal 2: Agree on the related Text Proposals in ‎[3] to capture the potential restriction of the dedicated preamble usage for PDCCH ordered RA.
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6 Annex
Example 1:

This example assumes FDD and PRACH configuration 10 (‎[4], Table 5.7.1-2), i.e. in all system frames subframes 2, 5 and 8 contain PRACH resources.

	PRACH Mask Index
	Allowed PRACH
	Subframe
	Comment

	0
	all
	2, 5, 8
	

	1
	PRACH index 0
	2
	

	2
	PRACH index 1
	5
	

	3
	PRACH index 2
	8
	

	4-10
	
	
	Not applicable for this PRACH configuration

	11
	Every, in the time domain, even PRACH opportunity
	5
	

	12
	Every, in the time domain, odd PRACH opportunity
	2, 8
	


Example 2:

This example assumes TDD, UL/DL configuration 3 and PRACH configuration 18 (‎[4], Table 5.7.1-4), i.e. in all system frames there occur PRACH resources in all UL subframes (subframes 2,3,4).
	PRACH Mask Index
	Allowed PRACH
	PRACH Resource 
	Comment

	0
	All
	All below
	

	1
	PRACH index 0
	(0,0,0,0)
	Subframe 2

	2
	PRACH index 1
	(0,0,0,1)
	Subframe 3

	3
	PRACH index 2
	(0,0,0,2)
	Subframe 4

	4
	PRACH index 3
	(1,0,0,0)
	Subframe 2

	5
	PRACH index 4
	(1,0,0,1)
	Subframe 3

	6
	PRACH index 5
	(1,0,0,2)
	Subframe 4

	7-10
	
	
	Not applicable for this PRACH configuration

	11
	Every, in the time domain, even PRACH opportunity
	(0,0,0,1), (1,0,0,1)
	Subframe 3

	12
	Every, in the time domain, odd PRACH opportunity
	(0,0,0,0), (0,0,0,2),
(1,0,0,0), (1,0,0,2)
	Subframes 2 and 4


Note, here we assumed already a re-ordered table in ‎[4]. The PRACH resources are re-ordered for each frequency according to their occurrence in time.
If one of the code-points 11 and 12 is used, for TDD there might be depending on the UL/DL configuration and the PRACH configuration more than 1 PRACH resource at a given subframe. In that case, according to the way forward in ‎[2], the UE has multiple opportunities of which it can select one. In this example we assume that it randomly selects, e.g. one of the resources. An alternative would be to address only the one that occurs first in the Table 5.7.1-4 ‎[4] (here marked in bold) for the respective subframe. This would allow to use the other resource for another UE and is in our view the preferred approach.
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