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[bookmark: _Toc1970552][bookmark: _Toc5596041][bookmark: _Toc535588806][bookmark: _Toc8398209][bookmark: _Toc5100795][bookmark: _Toc17755475][bookmark: _Toc8247940][bookmark: _Toc5596355][bookmark: _Toc21841004][bookmark: _Toc21841175][bookmark: _Toc22050945][bookmark: _Toc24660962][bookmark: _Toc32743901]1	Introduction
This document summarizes the following email discussion:

[bookmark: _Hlk33440167][100e-NR-unlic-NRU-ULSignalsChannels-02] Email discussion/approval on the issue related to interlace allocation for 15kHz SCS and for DFT-s-OFDM by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Steve (Ericsson)
which includes the following topics:

	Issue #
	Description
	Tdoc
References
	Email Discussion Thread

	4
	For 15 kHz SCS, currently specified RIV-based interlace allocation for PUSCH implicitly assumes that index of first interlace in an RB set or carrier is always 0, which is inconsistent with interlace definition which uses Point A as a reference. TP needed to 38.214 §6.1.2.2.3.
	[5]: R1-2000662 (P2)
	#2

	5
	For interlaced PUSCH with DFT-s-OFDM, UE behavior is unspecified if the number of PRBs does not equal  where a,b,c are non-negative integers. TP to 38.214 §6.1.2.2.3
	[5]: R1-2000662 (P4)
[10]: R1-2000955 (P1)
	#2



According to the chairman’s instructions provided on 2/29, the following is concluded with respect to the 2 proposals in this document:
· Proposal 1
· No consensus that a change is needed
· Proposal 2
· Proposal is agreed (See agreement in Section 3)
· FL to draft TP to be discussed until 3/3 (See draft TP-1a/b in Section 4)

[bookmark: _Toc535588825][bookmark: _Toc5596060][bookmark: _Toc17755492][bookmark: _Toc5596374][bookmark: _Toc8398224][bookmark: _Toc1970570][bookmark: _Toc8247956][bookmark: _Toc5100812][bookmark: _Toc21841029][bookmark: _Toc21841200][bookmark: _Toc22050970][bookmark: _Toc24660993][bookmark: _Toc32743906]2	Discussion
[bookmark: _Hlk32740917][bookmark: _Hlk32741833]2.1	PUSCH Interlace Allocation for 15 kHz SCS
[bookmark: _Hlk33448526]Description:
According to 38.214 Section 6.1.2.2.3 for 15 kHz SCS, contiguous interlace indexes are assigned for PUSCH by using resource indication value (RIV), and the RIV has 64 states, requiring 6 bits to signal in DCI 0_0 or DCI 0_1. To be able to indicate all interlace allocations for all 64 states, there is an implicit assumption that the first interlace index in the RB Set is zero. However, this is not consistent with the interlace definition which uses Point A as a reference. Because of this, the first interlace index within an RB Set may not be 0. For example, in Figure 1 below, if the first interlace index in the RB set is 8, and if gNB assigns RIV = 44 (, ), the interlace index 8 would not be contiguous with other interlace indexes. Moreover, the gNB cannot contiguously assign the interlace indexes from 8 to 1 (i.e., interlace indexes 8, 9, 0, and 1), since the combination of (, ) is not a valid RIV state.
One company [5] has proposed that the interlace index allocation can be adjusted to account for the non-zero interlace start index in an RB set based on an interlace index offset. The actual set of allocated interlace indices are determined by {(each interlace index indicated by RIV) + (the first interlace index of the RB set)} mod M, where M = 10 is the number of interlaces for 15 kHz SCS. With this approach, for the above example (, ), the actual set of allocated interlace indexes is determined as  {(interlace indexes 4, 5, 6, 7, 8) + 8} mod 10 = {2, 3, 4, 5, 6} which corresponds to the allocation as if the starting interlace index in the RB set was 0, thus consistent with the RIV based signalling.
[image: ]
It is observed by the FL, that one issue not addressed in the above approach is that the starting interlace index (and thus interlace index offset) can be different for each RB set in the carrier. This needs to be further discussed.

Alternatives to Discuss:
· Alt-1: For 15 kHz SCS, the UE adjusts the interlace indice(s) indicated by the X bits of the FDRA field of DCI 0_0 and 0_1 by modulo M addition of an interlace index offset to the indicated interlace indices. The offset is given by the interlace index of the first interlace in an RB set.
· FFS: How to account for the fact that the first interlace index in each RB set can be different
· Alt-2: ?
Affected Specification(s):
· TS 38.214, Section 6.1.2.2.3

	Company
	View/Position

	Qualcomm
	We are not yet convinced there is a problem. The issue identified only happens for the edge of the allocation. For the example in figure 1, assume there are 100 RBs in the RB set of 15KHz SCS, we will see one single RB cluster on the left end, nine 5-RB uniform structure in the middle, and one 4-RB cluster at the right end. Given the adjustment, we will see ten 5-RB cluster. The allocation becomes slightly more regular, but we don’t see the necesity of introducing the adjustment.

	LG Electronics
	Support Alt-1.

Also, regarding to FFS point, we proposed simple approaches in [5].
If single RB set is allocated to UE, it can be conducted based on the allocated RB set. 
On the other hand, if multiple RB sets are allocated to UE, the lowest RB set index among the assigned RB sets can be determined as the reference RB set. Then, the modular operation with interlace index offset is conducted based on the first interlace index of the reference RB set.

	Nokia, NSB
	Similar to Qualcomm, we are also unsure whether there is an issue that needs to be corrected. The resource allocation works also without the change. Unless a serious concern is identified, we prefer keeping the spec unchanged. 

	Samsung 
	Share the same view with Qualcom and Nokia. 

	Lenovo, Motorola Mobility
	We don’t see this is an issue. As we know, same interlace indication method is used for NR-U and LTE eLAA. We haven’t seen the issue in eLAA so far. 

	Spreadtrum
	Share the same views as Qualcom and Nokia.

	vivo
	Share the same view with Qualcom and Nokia

	ZTE
	We share the similar view with Qualcomm and Nokia.

	Intel
	We don’t see this is an issue that needs to be corrected.

	NTT DOCOMO
	We share the same view with Nokia

	Huawei, HiSilicon
	Share the view with Qualcomm and Nokia. It will also increase the complexity at scheduler when multiplexing interlace for different UE with different BWP starting PRB. 

	OPPO
	It does not seem to be a critical issue. There are some restrictions to schedule a UE. If we adopt the proposal, from a single UE viewpoint the restriction can be removed. But it seems we just shift the restriction for scheduling other UEs. From a system viewpoint, it does not change anything.



[bookmark: _Hlk32743955][bookmark: _Hlk33445790]Further discuss at least Alt-1. If conclusion is reached this week, FL to draft TP(s).

2.2	PUSCH Interlace Allocation for DFT-s-OFDM 
Description:
For PUSCH configured with DFT-s-OFDM, the number of RBs must be of the form  where a, b, c are non-negative integers. However, due to the number of PRBs in a carrier, the number of interlaces, and the intra-carrier guard bands (if present), a signalled value of X and Y for Type 2 UL resource allocation may not end up satisfying this constraint. A simple rule would be do drop PRBs; however, a dropping rule is not currently specified, hence needs to be discussed.
Two companies [5], [10]have raised this issue. The common aspect of the proposals is to drop the highest index RBs in the FDRA signalled by X bits or X + Y bits in the FDRA field indicated for PUSCH. This seems like a simple enough rule. Another alternative could be to drop a certain number of RBs per RB set so the condition is fulfilled; however, this seems like it would lead to complicated handling depending on the number of RB sets.

Alternatives to Discuss:
· Alt-1
· For Type 2 UL resource allocation for PUSCH configured with DFT-s-OFDM, if the total number of allocated RBs in the indicated interlaces and indicated RB set(s) is not of the form  where a, b, c are non-negative integers, the UE transmits PUSCH only on the lowest indexed N PRBs of the allocation where N is the largest integer of the form  which is not greater than the number of allocated RBs.
Affected Specification(s):
· TS 38.214, Section 6.1.2.2.3

	Company
	View/Position

	Ericsson
	Support Alt-1

	Qualcomm
	Support Alt-1

	LG Electronics
	Support Alt-1

	Nokia, NSB
	Support Alt-1

	Samsung 
	Support Alt-1

	Lenovo, Motorola Mobility
	Support Alt-1

	Spreadtrum
	Support Alt-1

	vivo
	Support Alt-1

	ZTE
	Support Alt-1

	Intel
	Support Alt-1

	NTT DOCOMO
	Support Alt-1

	Huawei, HiSilicon
	Support Alt-1

	OPPO
	Support Alt-1



Further discuss at least Alt-1. If conclusion is reached this week, FL to draft TP(s)
3	Agreement from Phase 1 of Email Discussion
Agreement:
For Type 2 UL resource allocation for PUSCH configured with DFT-s-OFDM, if the total number of allocated RBs in the indicated interlaces and indicated RB set(s) is not of the form  where a, b, c are non-negative integers, the UE transmits PUSCH only on the lowest indexed N PRBs of the allocation where N is the largest integer of the form  which is not greater than the number of allocated RBs.

4	Draft TPs to be Discussed for Phase 2 of Email Discussion
This pair of TPs was proposed for the agreement in Section 3. One important thing to note is that transform pre-coding (DFT-s-OFDM) is specified in 38.211 Section 6.3.1.4, and the procedure is different depending on if PTRS is configured or not. Since there were no agreements during the WI on interlaced PTRS, the current status is that the combination of Type 2 UL resource allocation and PTRS is not supported. Hence, it is necessary to add a sentence to 38.214 to say that the UE does not expect this combination.
TP-1a below is agreed. TP-1b is postponed for discussions in the next meeting.

-------------------------------- Text Proposal (TP-1a) for 38.214, Section 6.1.2.2.3 ----------------------------------
*** Unchanged text omitted ***

[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]6.1.2.2.3	Uplink resource allocation type 2
In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to a UE a set of up to M interlace indices, and a set of up to N RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. 


For µ=0, the resource block assignment information indicates to a UE a set of allocated interlace indices  resource blocks. The resource allocation field in the scheduling grant consists of a resource indication value (RIV). For  ,  the resource indication value corresponds to the starting interlace index m0 and the number of contiguous interlace indices (). The resource indication value is defined by:
if  then

else


For  , the resource indication value corresponds to the starting interlace index m0 and the set of values  according to Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}



For µ=1, the resource block assignment information includes a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Section 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.
For both µ=0 and µ=1,  bits in the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (RIVRBset). For  ,  the resource indication value corresponds to the starting RB set () and the number of contiguous RB sets . The resource indication value is defined by;
if  then

else

If transform precoding is enabled according to the procedure in Clause 6.1.3, then the UE transmits PUSCH on the lowest-indexed  PRBs indicated by the frequency domain resource assignment information.  is the largest integer not greater than the number of RBs indicated by the frequency domain resource assignment information that fulfils the conditions in [4, TS 38.211 Clause 6.3.1.4].	Comment by Stephen Grant: This clause is where transform precoding is specified (DFT-s-OFDM) and it states that 

“… shall fulfil

where  is a set of non-negative integers.”

*** Unchanged text omitted ***
[bookmark: _Hlk32743972]------------------------------------------------------ End Text Proposal -------------------------------------------------------

----------------------------------- Text Proposal (TP-1b) for 38.214, Section 6.2.3 ------------------------------------
*** Unchanged text omitted ***
[bookmark: _Toc11352162][bookmark: _Toc20318052][bookmark: _Toc27299950][bookmark: _Toc29673225][bookmark: _Toc29673366][bookmark: _Toc29674359]6.2.3	UE PT-RS transmission procedure
[bookmark: _Hlk25883463]If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS. The PTRS is only present on PUSCH scheduled by PDCCH with CRC scrambled by MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a configured grant. For PUSCH repetition Type B, the PT-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.
If any of useInterlacePUSCH-Common and useInterlacePUSCH-Dedicated is set to 'enabled', then the UE expects not to be configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig.	Comment by Stephen Grant: Transform pre-coding (DFT-s-OFDM) is specified in 38.211 Section 6.3.1.4, and one important thing to note is that the procedure is different depending on if PTRS is configured or not. Since there were no agreements during the WI on interlaced PTRS, the current status is that the combination of Type 2 UL resource allocation and PTRS is not supported. Hence, it is necessary to add this sentence to say that the UE does not expect this combination.
*** Unchanged text omitted ***
------------------------------------------------------ End Text Proposal -------------------------------------------------------
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  Figure 1.  An  e xample of  interlace allocation by  RIV with or without modular operation  


image2.wmf
L


oleObject1.bin

image3.wmf
1

³

L


oleObject2.bin

image4.wmf
l


oleObject3.bin

oleObject4.bin

oleObject5.bin

image5.wmf
5

3

2

5

3

2

PUSCH

RB

a

a

a

×

×

=

M


image6.wmf
5

3

2

,

,

a

a

a


oleObject6.bin

