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1. Introduction
RAN1 has reached agreement on the support of aperiodic SRS for more effective SRS transmission in the last #60b meeting as below:

Agreements:
· In case of aperiodic sounding, triggering is at least by PDCCH UL grants
· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 
· Triggering in DL assignment is FFS
· Details of what is triggered are FFS
In this contribution, we investigate a signaling scheme for aperiodic SRS and puncturing/holding scheme for avoiding collision between aperiodic SRS and periodic SRS or PUSCH symbol which might be override with aperiodic SRS symbol. And we suggest possible signaling solution.
2. Aperiodic SRS signaling
To achieve aperiodic SRS transmission, we need certain signaling to a given user, which triggers aperiodic SRS transmission. Also, the signaling should be as swift as an eNB could control aperiodic SRS dynamically, and it should be small sized that PDCCH overhead could not be increased much, and eNB could control multiple users simultaneously, if needed. From this view, we support L1 signaling, for aperiodic SRS triggering or activation.
2.1. Aperiodic SRS triggering by UL grant
According to agreement from the last #60b RAN1 meeting, triggering is at least to be done by PDCCH UL grant but, how many bits/code points in the DCI message are used is FFS. If we just add one bit to trigger aperiodic SRS, it may be the simplest way. However, this would increase the number of blind decoding, which is not quite desirable. To avoid this, a certain implicit signaling would be needed.

Here, we suggest that we use available code points in the DCI format 0 RA (resource allocation) field for the implicit signaling to trigger aperiodic SRS and to also allocate SRS BW, if needed. For example, in case of 20MHz (100RB), an eNB could use 13bits for the RA field to indicate one of 0 ~ 5049 resource allocation cases. However, technically, 13bits could indicate up to 8192 cases. That means, even if we include the SPS code point, which is “1111111111111”, around 3000 code points are still available, which is about 11bits information.
If an eNB allocate PUSCH resources to users with 2 RBs as a base resource indication unit, it would be possible to indicate 100 RBs by only 11bits. With the rest of the available code points, 5050~8190, eNB could indicate additional resource allocation cases in DCI format 0 RA field. For example, if a value of DCI format 0 RA field is over 5050, a given user recognizes this value as not only RA field for PUSCH resource allocation with 2 RBs as a base unit, but also as an aperiodic SRS triggering indication. If a value is less than 5050, a given user simply recognizes this value as the original RA value.
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	BW(RB)
	1.4(3)
	3(15)
	5(25)
	10(50)
	15(75)
	20(100)

	RA field(bits)
	5
	7
	9
	11
	12
	13


Table1 Size of resource allocation field according to BW

2.2. Aperiodic SRS triggering and SRS resource allocation by UL grant
As mentioned above, we have available code points in DCI format 0 RA field, which could be used to configure aperiodic SRS transmission, that is, triggering and bandwidth allocation. 
Several possible aperiodic SRS schemes have been proposed and discussed so far, and, among them, aperiodic SRS via DM-RS or SRS using PUSCH region is treated in this contribution. These two schemes need to allocate aperiodic SRS BW. A reconfiguration scheme [1] has been proposed for this purpose, but, it requires one more bit to switch modes between original the DCI format 0 mode and the SRS reconfiguration mode.
3. Signaling for Puncturing/Holding
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As described in [2], there could be significant collisions between aperiodic SRS and periodic SRS or PUSCH data symbol if we don’t have any signaling which would keep that collision from happening. Fig.2 and Fig.3 shows an example of possible collisions and puncturing/holding scheme as a solution to address this collision.
3.1.1. UL grant
As mentioned above, we could use available code points in the DCI format 0 RA (resource allocation) field as an implicit signaling. If a user receives DCI format 0 which contains a different range of RA field (5050 ~ 8190 code points), it could recognize that this format includes aperiodic SRS information, and could try to decode other fields which are not directly related to UL grant information(such as FH field, aperiodic CQI field, etc.) to obtain necessary information on aperiodic SRS. After securing necessary information on aperiodic SRS, the user punctures a specific location within the whole band, which eNB has allocated through RA field (5050~8190 code points). Here, the symbol position which is supposed to be punctured for aperiodic SRS transmission could be set by RRC or fixed depending on the aperiodic SRS scheme. We could set puncturing/holding information for multiple users at the same time so that PDCCH overhead and blind decoding would not increase.
On the other hands, we could use simple fixed code point like SPS one, “1111111111111”. Namely, an eNB could set puncturing/holding code point as “1111111111110” in DCI format 0 RA field when it wants a certain user to puncture a PUSCH symbol or to hold periodic SRS transmission to avoid collision with aperiodic SRS.
3.1.2. New DCI Format such as Format 3/3A
Simply, we could consider a DCI format such as DCI format 3/3A for the signaling of puncturing/holding. If this format is used, an eNB could send simultaneously a puncturing/holding indication bit(s) to multiple users since this format could support up to 32/16 users [3].
4. Conclusion
In this contribution, we investigate a signaling scheme for aperiodic SRS and puncturing/holding, if necessary. Our view is that the signaling for aperiodic SRS should be designed as swift as eNB could control aperiodic SRS dynamically and also it should be as light as PDCCH overhead could not be increased and eNB could control multiple users simultaneously, if necessary. Based on this, we suggest below:
· For aperiodic SRS:
· Aperiodic SRS triggering by UL grant with available code points

· Aperiodic SRS triggering and SRS resource allocation by UL grant with available code points

· For puncturing/holding:
· By UL grant with available code points

· By a DCI Format such as Format 3/3A
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Fig.1 Example of DCI Format 0
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Puncturing PUSCH symbol for user #2, #3, #4, #5 
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Fig.3 Example of aperiodic SRS 
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Fig.2 Example of aperiodic
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