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1 Introduction
RAN2 has received the Reply LS on PDCCH for DL data arrival and random access response format ‎[1]. Based on the provided information contained in that document we proceed with the discussion on the topic.

In this contribution we compare both approaches based on Format 1A and on Format 1C.
We come to the conclusion that the Format 1C approach provides significant advantages due to its smaller size. Therefore, we elaborate on details of an overall concept based on Format 1C that also includes mechanisms in case of a shortage of dedicated preambles.
2 Discussion

Recently RAN1 has introduced a shorter PDCCH format, the format 1C ‎[2]. Besides that also format 1A is a candidate to be used for dedicated preamble assignment.
In the following we discuss two ways forward: First, the case when PDCCH format 1A is selected and, second, the case when PDCCH format 1C is applied for preamble assignment. 
So far RAN2 has identified the need for the information elements for the RAPID and the PRACH resource for TDD. The first field requires 6 bit and the latter 3 bits. I.e. for FDD 6 bits and for TDD 9 bits would be needed as minimum.
2.1 Format 1A for Preamble Assignment

If Format 1A is selected, the RAN1 proposal ‎[1] for indicating that a PDCCH message is used for dedicated preamble assignment is to use the all “1” codepoint in the RB assignment field. The remaining payload bits of the PDCCH message could be used in that case for other purposes and interpretations than the normal PDCCH message. Format 1A provides enough payload bits to convey the required information for dedicated preamble assignment.
2.2 Format 1C for Preamble Assignment

If Format 1C is selected, RAN1 suggested ‎[1] that masking the CRC with the RNTI of the addressed UE is sufficient to indicate that this PDCCH message is used for dedicated preamble assignment, since all others purposes that might use the PDCCH format 1C use a specific RNTI, e.g. for paging, RACH response, etc. This would imply that all payload bits can be used for other purposes in case of dedicated preamble assignment. 
The current design of the format 1C foresees a variable number of payload bits depending on the configured system bandwidth. The payload size varies from 8 bits (for 6 and 7 PRBs) up to 15 bits for larger bandwidths. As mentioned above, 8 bits are not sufficient to convey the information in a general format. Thus, the format of the payload bits needs to be adapted based on the available payload bist, which introduces a slightly increased complexity, but pays off by an improved radio-efficiency.
2.3 Which format to use
Both Format 1A and Format 1C are currently candidates for dedicated preamble assignment message on PDCCH in case of downlink data arrival. However, considering the size of the messages, the Format 1C approach seems preferable from a system perspective. Therefore, it would be preferable if an overall concept for using the Format 1C could be identified.

Proposal 1: We propose to develop a dedicated preamble assignment concept based on Format 1C.

9 payload bits (6 bits for the preamble index for FDD and TDD and 3 bits for the PRACH resource for TDD) have been discussed so far. In addition to that, it might be useful to have mechanisms in place that either reduce the risk of a shortage of dedicated preambles or as a last resort to defer the UE to use a random preamble if no dedicated preamble is available. This will be discussed in more detail in the next section.
2.4 Shortage of Dedicated Preambles

2.4.1 Indication to use a Random Preamble

For both FDD and TDD it might happen that there is no dedicated preamble left that could be assigned, since all might be allocated already. In that case it would be beneficial to have the possibility to indicate that the UE should use a random preamble. In principle there are several possibilities to indicate this case.

· A 1 bit field with the particular purpose to indicate that the UE has to use a random preamble

· A code-point in the RAPID field (6 bits) that mandates the UE to use a random preamble

· A code-point in the PRACH resource field (3 bits) that mandates the UE to use a random preamble 
In particular, for the Format 1C approach, the payload bits are so rare that option one seems not to be the way to go. We prefer the second option, since codepoints for Preamble IDs that are available for random selection need to be defined anyway. Thus, any RAPID that is pointing to a random preamble can be used to indicate that the UE can pick a random preamble (and not only the one indicated). This seems to be a simple and straightforward solution. An alternative would be even to hard-code the value that is used for this purpose. Therefore a single RAPID ID from the code-space that is used for random selection can be used, e.g. 000000. 
Proposal 2: Introduce a mechanism to indicate that the UE shall use a random preamble.

Proposal 3: 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.
2.4.2 Validity Restriction of Dedicated Preambles

Although it is impossible to eliminate the case that the eNB runs out of dedicated preambles, it is possible to reduce the risk of a shortage of dedicated preambles by introducing certain validity restrictions.

By exploiting the fact that at least for some PRACH configurations ‎[3] a dedicated preamble can not be used in each PRACH occasion by a single UE, since after a random access preamble has been sent the UE has to wait for a RA response.

Thus a possible solution to minimize the risk for dedicated preamble shortage is to introduce a validity pattern for a dedicated preamble for a certain UE. This allows re-using that particular preamble in an orthogonal pattern for another UE.
For example, in the context of FDD and a Format 1C approach, this could mean that out of the available payload bits, 6 bits are used for the preamble index and all or some of the remaining payload bits are used to indicate a validity pattern.
There exist different alternatives how to use these validity pattern bits:

1. Depending on the length of this field and the number of existing code points, a table could be used to specify when a UE is allowed to use the dedicated preamble. The validity is independent of the PRACH configuration that is used. For example for 2 bits the codepoints could indicate:
	Codepoint
	Preamble Validity 

	00
	Each PRACH occasion

	01
	Each second occasion, offset 0

	10
	Each second occasion, offset 1

	11
	Not used 


2. Alternatively, the interpretation of the codepoints could depend on the PRACH configuration. For example, for PRACH configuration 9 (PRACH in subframe 1, 4 and 7 of all frames, see Annex), the codepoint table could look like:

	Codepoint
	Preamble Validity 

	00
	Each PRACH occasion

	01
	Each subframe 1

	10
	Each subframe 4

	11
	Each subframe 7


Here, we outlined only principles and further work remains to develop a complete concept. The aim is here to trigger the discussion and to get an indication whether such an approach could be the basis for a way forward. A similar approach could be taken for TDD.

In general it seems feasible that 2 (or 3 bits) are sufficient to indicate a validity pattern.

In summary we propose to discuss the following way forward:

FDD: 

· Format 1C is used for dedicated preamble assignment.

· At least 8 payload bits are available of which 6 are used for the preamble assignment

· The preamble ID field is also used to defer UEs to a random preamble.

· The remaining two bits are used to indicate a validity pattern for the dedicated preambles

· Optionally, for larger bandwidth this could be also more than 2 bits. 3 bits (8 codepoints) seem to be sufficient.

TDD

· Format 1C is used for dedicated preamble assignment.

· At least 8 payload bits are available of which 6 are used for the preamble assignment

· The remaining info bits are spent on PRACH resource assignment and validity pattern. The exact distribution of these bits requires further work, since in particular the small bandwidths do not require 3 bits for the PRACH resource indication, but could benefit from PRACH distribution in the time domain.
Proposal 4: Agree that a validity pattern in the time domain should be used to minimize the risk of dedicated preamble shortage for FDD and TDD.
3 Conclusion

We discussed the impact of the Reply LS from RAN1 on dedicated preamble assignment.

It seems preferable from an efficiency perspective to apply Format 1C for dedicated preamble assignment.

Proposal 1: We propose to develop a dedicated preamble assignment concept based on Format 1C.

Then, we discussed the case when no free dedicated preambles are available in case of downlink data arrival. In order to not delay the time alignment procedure for the affected UE, we propose to use a RAPID code-point of the random preamble ID pool to indicate that the UE should attempt a random access based on a random preamble ID. 

Proposal 2: Introduce a mechanism to indicate that the UE shall use a random preamble.

Proposal 3: 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.

Furthermore, we suggested discussing whether a time-domain validity pattern should be introduced to minimize the risk of dedicated preamble shortage.
Proposal 4: Agree that a validity pattern in the time domain should be used to minimize the risk of dedicated preamble shortage for FDD and TDD.
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5 Annex

The table below shows the PRACH configurations for FDD ‎[3].
Table 5.7.1-2: Frame structure type 1 random access preamble timing for preamble format 0-3.

	PRACH configuration
	System frame number
	Subframe number

	0
	Even
	1

	1
	Even
	4

	2
	Even
	7

	3
	Any
	1

	4
	Any
	4

	5
	Any
	7

	6
	Any
	1, 6

	7
	Any
	2 ,7

	8
	Any
	3, 8

	9
	Any
	1, 4, 7

	10
	Any
	2, 5, 8

	11
	Any
	3, 6, 9

	12
	Any
	0, 2, 4, 6, 8

	13
	Any
	1, 3, 5, 7, 9

	14
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	Even
	9
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