3GPP TSG RAN WG1 Meeting #90		                          R1- 1713815
Prague, P.R. Czechia 21th – 25th August 2017

Source: 	ETRI
[bookmark: Title]Title: 	Short PUCCH for 3 or more UCI bits
Agenda Item:	6.1.3.2.1.2	Short-PUCCH for UCI of more than 2 bits 
Document for:	Discussion
1 Introduction
In this contribution, we discuss our view about the remaining issues for one symbol PUCCH carrying 3 bit or more.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Multiplexing with SRS
	Agreements: (RAN1 adhoc 2)
· From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1 : symbol level TDM
· Option 1-2 : FDM
· Option 1-3 : both symbol level TDM and FDM
· FFS : details
· Note : other options are not precluded
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization 



Since the SRS is being discussed in the other agenda, the focus is to support the beam-centric transmission efficiently. Any specific design for SRS should consider multiplexing other channels/signals. In this section, we assume that SRS symbol is transmitted using consecutive PRBs. 
For one PUCCH symbol, unlike LTE always has two PRBs for PUCCH, the shortened format cannot be defined to avoid SRS. Instead, the predetermined priority rule drops the less important transmission, i.e., drop the SRS and choose the PUCCH to transmit. If some UE is capable to transmit both SRS and PUCCH using the indicated transmission power, then the UE can be allowed to do so. Regarding the relative importance, the PUCCH prioritizes the SRS whenever UE is power limited. 
[bookmark: _Ref471737537]Proposal 1: The priority rule can choose PUCCH symbol (by dropping SRS) if applies.
The SRS subband should visit all subbands within the UL system bandwidth. This is because the UL CSI should be available for UL link adaptation. The collection of SRS subband from all connected UEs of a serving gNB can span a majority of UL system bandwidth. Since the PUCCH subband for a given UE should guarantee the performance requirement, in such case it would be desirable to orthogonally multiplex the SRS subbands. Additionally, we can consider further interference mitigation between SRS subbands and PUCCH subbands.


Figure 1 Example of multiplexing PUCCH subband with SRS subband
One of solutions may allow full overlap of each subband. In the case of full overlap, the interference mitigation technique should also be considered. To this end, we should design the PUCCH and SRS together. If the SRS symbol is specified similar to the LTE at least for below 6 GHz, then we can assume that the SRS sequence is derived from a CAZAC sequence with UE-specific cyclic shifts and the RE mapping follows the configured RPF. The PUCCH symbol can also be described as a sequence that carries one or two HARQ-ACK bits. In addition, in the overlapped PRBs in the PUCCH subband, subcarriers of SRS collide to PUCCH. In this case, to avoid this collision, it is beneficial to allow zero power on those PUCCH subcarriers and to adapt the spreading factor for PUCCH. If ZP tones at PUCCH is introduced, then the 
[bookmark: _Ref490124947]Proposal 2: Introduce the ZP tones to PUCCH to FDM SRS in the same subband.
[bookmark: OLE_LINK20]In other words, we propose to allow the same design principle for SRS for at least one PUCCH symbol case. Using this approach, the PUCCH symbol and the SRS symbol will show the similar interference mitigation performance. If the serving gNB configures PUCCH subband as similar to one of SRS subbands, the PUCCH subband and SRS subband can be multiplexed. Even with PUCCHs in the same PUCCH subband, the different zero power subcarriers can orthogonalize the interferences between PUCCH. In this case, the RE mapping should avoid the zero power resources and the UCI can be encoded/spread with the corresponding code rate.
[bookmark: _Ref471737701]Proposal 3: Introduces configurable UCI encoding rate/spreading factor for PUCCH.
Other solutions such as FDMing PUCCH subband and SRS subband can be considered. In this case, the drawback of this approach is to restrict the wideband SRS transmission. This is because the PUCCH subband may not be aligned at the edge of UL spectrum due to various UE capabilities. The hopping bandwidth of a certain UE may not support the system bandwidth, and this results in the PUCCH subband in the middle of the system bandwidth. This implies that any wideband signal and wideband channel is not allowed in the symbol.
Observation 1: It is difficult to multiplex wideband signal or channel with PUCCH without ZP resources.
2.2 DM-RS structure for short PUCCH symbol
	Agreements: (RAN1-89)
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern



In this section, the sounding subband should visit the UE-specific UL bandwidth within the channel coherence time. This is because the UL CSI should be available for the UL link adaptation. Depending on SRS configurations, the collection of SRS subbands from all connected UEs of a serving gNB can span a majority of system bandwidth. Since the PUCCH subband for a given UE should guarantee the detection requirement, in such case it would be desirable to orthogonally multiplex the SRS subbands in order to avoid interferences. Additionally, we can consider further interference mitigation between SRS subbands and PUCCH subbands.
[bookmark: OLE_LINK16][bookmark: OLE_LINK43][bookmark: OLE_LINK44]One of solutions is to allow full overlap of each subband. In the case of full overlap, the interference mitigation technique should also be considered. However, the full overlap implies the high intra-cell interference due to the SRS subcarrier mapping. To this end, it is necessary to design the short PUCCH and SRS together to avoid collisions in the subcarrier level within the same subband. At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference. As a first step, the minimum SRS bandwidth can be the minimum DM-RS for short PUCCH (i.e., X1 PRBs) to utilize the property of the CAZAC sequence. This implies that regarding the DM-RS pattern, the DM-RS tone are allocated in equi-distance among the configured PRBs. Moreover, the value of X1 and X2 (i.e., maximum PUCCH bandwidth) should depend on the outcome of SRS discussions.
[bookmark: _Ref485166326]Proposal 4: At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference in terms of bandwidth.


(a) 1RS : 3UCI (density 1/4)			(b) 1RS : 2UCI (density 1/3)
[bookmark: _Ref478112709][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 2 Example of SRS symbol and PUCCH symbol with different RS density
It is proposed to allow the similar design principle for SRS for at least DM-RS for short PUCCH. Using this approach, the PUCCH DM-RS and SRS symbol will show the similar interference mitigation performance and possibly the PUCCH subband and SRS subband can be multiplexed in the same subband. Even with PUCCH in the same subband, the different zero power subcarriers can orthogonalize the interferences.
Figure 2 illustrates examples of different DM-RS densities. The hypothetical SRS is assumed to have RPF=4. Figure 2 (a) has two resources. Resource 1 is allocated as DM-RS, and resource 2 as UCI. For a given PUCCH PRB, the SRS of other UEs can be configured to the resource 1 provided that DM-RS and SRS are orthogonal. Otherwise, the PUCCH UCI will collide to the SRS, and the serving gNB may have to use the advanced receiver to separate two signals. In this case, the DM-RS overhead of 1/4 should be supported to multiplex SRS of RPF=4.
[bookmark: _Ref485166330]Proposal 5: In addition to 1/3, the PUCCH DM-RS density of 1/4 is introduced.
On the other hand, Figure 2 (b) shows the PUCCH PRB with unused REs. In this case, the RE mapping should avoid the zero power resources and the UCI can be encoded with the corresponding code rate. Introducing the ZP resource can increase the multiplexing order between PUCCH DM-RS and SRS. Excluding subcarriers for encoded UCI bits within the PUCCH subband, the other subcarriers within the PUCCH subband can be allocated as either DM-RS or ZP resources. In the example of Figure 2 (b), the serving gNB can configure SRS (of other UEs) at Resource 2 (PUCCH DM-RS) or Resource 4 (unused REs), and can avoid Resource 2 to configure SRS, which is realized by the gNB implementation.
[bookmark: _Ref481759685][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Observation 2: ZP resource increases the multiplexing order by reducing interferences.
ZP resources increase the encoding rate of UCI bits. Depending on the multiplexing capability of a PUCCH subband and SRS, the serving gNB should carefully configure the ZP resources and the DM-RS density to protect PUCCH REs and to assist UCI decoding. However, the overhead of ZP resource need not huge. For PUCCH with low payload, 1RS:1UCI radio can be made if two ZP resources are configured. For PUCCH with high payload, 1RS:2UCI can be made if one ZP resource is configured. Depending on the target code rate, there is a degree of freedom to the serving gNB to tradeoff between the PUCCH bandwidth and the amount of ZP resources.
One more advantage of ZP resources will be the wideband SRS. When the PUCCH DM-RS and SRS are not aligned, the correlation property of a sequence may not be available. This is especially important if a UE transmits wideband SRS because PUCCH bandwidth is narrow. The SRS of different bandwidth can be transmitted in the ZP resources. This allows more configuration freedom to the serving gNB.
Observation 3: ZP resources allows wideband SRS transmission.
[bookmark: _Ref490124962][bookmark: _GoBack]Proposal 6: Introduce ZP tones to PUCCH to allow wideband SRS transmission.
3 Conclusion
In this contribution, we propose the following:
Proposal 1: The priority rule can choose PUCCH symbol (by dropping SRS) if applies.
Proposal 2: Introduce the ZP tones to PUCCH to FDM SRS in the same subband.
Proposal 3: Introduces configurable UCI encoding rate/spreading factor for PUCCH.
Proposal 4: At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference in terms of bandwidth.
Proposal 5: In addition to 1/3, the PUCCH DM-RS density of 1/4 is introduced.
Proposal 6: Introduce ZP tones to PUCCH to allow wideband SRS transmission.
Page 4 / 4

image2.emf
Resource 1 (e.g., PUCCH UCI)

Resource 2 (e.g., PUCCH DM-RS and/or SRS)

PUCCH RB

UL 

symbol

PUCCH RB

UL 

symbol

Resource 3 (e.g., PUCCH UCI)

Resource 4 (e.g., Unused RE and/or SRS)

Resource 1 (e.g., PUCCH DM-RS and/or SRS)

Resource 2 (e.g., PUCCH UCI)


Microsoft_Visio____1.vsdx
Resource 1 (e.g., PUCCH UCI)
Resource 2 (e.g., PUCCH DM-RS and/or SRS)
PUCCH RB
UL symbol
PUCCH RB
UL symbol
Resource 3 (e.g., PUCCH UCI)
Resource 4 (e.g., Unused RE and/or SRS)
Resource 1 (e.g., PUCCH DM-RS and/or SRS)
Resource 2 (e.g., PUCCH UCI)



image1.emf
UL symbol

UL system bandwidth

SRS subband

PUCCH subband


Microsoft_Visio____.vsdx
UL symbol
UL system bandwidth
SRS subband
PUCCH subband



