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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The following agreements in NR are relevant to RB-symbol level rate-matching:
Agreements:
· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:
· LTE CRS
· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE
· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.
Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)
Agreements:
Working assumptions: 
· For NR_PDSCH
· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)
· A UE can be RRC configured with one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  
· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)
· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported
· a bitmap-2 of 14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols
· FFS configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI
Agreements:
For NR_PDSCH
· On the RB-symbol level, for a rate-matching resource set(s), NR supports  at least UE specific RRC configuration of bitmap-3 in addition to  bitmap-1 and bitmap-2 pair
· A UE can be RRC configured with one bitmap-3 per each pair of bitmap-1 and bitmap-2 
· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 
· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 
· The lengh of bitmap-3 for different bitmap-1 and bitmap-2 pairs can be different.
· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.
· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3
· a UE rate-matches around union of resources (i.e resource sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 
· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.
· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.
· FFS configuration of bitmap-3 or other method by RMSI/OSI
Agreements:
· For NR_PDSCH
· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 
· [bookmark: _Hlk498290906]UE can be configured with resource set(s) 
· Alt1: either only per cell or only per BWP
· Alt2: no restriction 
· using common PRB indexing when configured per serving cell 
· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 
· using UE-specific PRB indexing when configured per BWP 
· the resource set is configured in numerology of a BWP. 

The following agreements related to MIMO rate-matching resource (RMR) are available: 
[bookmark: _Hlk494468511]Agreement: RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.
Agreement:
The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction
· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

Agreement:
At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.
· FFS: Other OFDM symbols 

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
FFS: Whether the value of X is same or different for beam management and CSI acquisition
FFS: The value of X may or may not be numerology-dependent

Agreement:
NR supports the following CSI-RS transmission periodicities 
{5, 10, 20, 40, 80, 160, 320, 640} slots
FFS: Restriction on periodicity as a function of subcarrier spacing

Agreements:
· Support following CSI-RS RE patterns for CSI acquisition. 
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 



2	On RE-level rate-matching 
A RE-level resource-set for rate-matching can be configured the same way as ZP and NZP CSI-RS pattern:
Proposal-1: A RE-level resource-set for rate-matching can be configured the same way as one NZP or ZP CSI-RS pattern configuration.  
· UE can be configured with one or more RE-level resource-sets
· Aperiodic, periodic and semi-persistent NZP/ZP CSI-RS corresponding to CSI-RS measuring resource are rate-matched by default.  
While details of configuration of NZP CSI-RS port is still open, the configuration could consist of the following:
· Y and starting position of Y coded jointly    
· Frequency resource allocation using start-length (NR TYPE1 RA) with 1RB granularity 
· N, Z and corresponding time allocation using a bitmap, which defines the symbols where N and Z applies, with restrictions agreed for time domain CSI-RS locations 
· Time domain pattern expressing periodicity and offset of configured CSI-RS pattern 
There are several differences in configuration of CSI-RS and generic RB-symbol-level resource sets. The preferred configuration of CSI-RS patterns comprises pattern periodicity and offset, while for RB-symbol-level a block-periodic approach using bitmap-3 has been agreed. In addition, the CSI-RS frequency-domain RA will be using NR TYPE1 RA (start-length), while RB-symbol level will use NR TYPE0 RA(bitmap). Clearly, the CSI-RS configuration framework and generic RB-symbol level configuration framework cannot be unified.   
Observation-1: CSI-RS configurations and generic RB-symbol level configurations cannot be unified into the same configuration framework.
On the other hand, the RE-level resource-sets corresponding to CSI-RS of other UEs could be rate-matched semi-statically, semi-persistently or could be also associated with L1 signalling if aperiodic. Strive to design a unified L1 signalling design for RE-level and RB-symbol-level resource-sets associated with L1 signalling.  
Proposal-2: A RE-level resource-set corresponding to aperiodic CSI-RS can be associated with L1 signalling.  
Proposal-3: Design a unified L1 signalling mechanism for RB-symbol level an RE-level rate-matching resource-sets that are associated with L1 signalling.  

3	On remaining details of RB-symbol level rate-matching for PDSCH  
3.1	Remaining details of configuration
The bitmap-1 can be configured with granularity corresponding to RBG size or CORESET configuration unit. We do not think that it is necessary to support granularity of full BW, since using 16RB granularity, requires only 17 bits to cover the largest supported NR BW of 275RBs. 

Proposal-4: Bitmap-1 of a RB-symbol level resource set can be configured with granularity 1, 2, 4, 6, 8 and 16 RBs.

[bookmark: _GoBack]We think that Bitmap-3 applicability to L1 signaling is beneficial to improve the reuse efficiency. For example, as shown in Figure 1, when two resource-sets with different time pattern (bitmap-3) are toggled by one L1 bit, in odd slots, only one of the resource-sets applies, then one bit toggles only one resource set. If pattern of slot#0 would repeat in every slot, then as soon as the Res-Set#2 is to be rate-matched, also Res-Set#1 has to be rate-matched, which is not efficient. Whether to support bitmap-3 for resource-sets associated with L1 signaling could be decided together with L1 signaling design.  
  



Figure 1 Grouping of resource sets


Proposal-5: If Proposal-8 is accepted, then time-domain pattern, i.e. bitmap-3 should be applicable also for RB-symbol level resource-sets associated with L1 signalling. 

Some resource-sets could be configured per BWP (such as resources corresponding to CORESET) and some could be configured per cell (such as NB-IoT resource). Therefore, gNB should be allowed to be configured with a mixture of resource-sets per cell or resource-set per BWP. We think that that UE could be configured up to 32 RB-symbol level resource sets in total.
 
Proposal-6: UE can be configured with up to 32 RB-symbol level resource set(s) in total, where configurations are applicable per cell and/or per BWP.

The next open question is configuration of RB-symbol level resource sets by RMSI/OSI. Firstly, we think that RMSI(SIB1) does not have enough space for configuration of generic RB-symbol level resource sets. On the other hand, the configurations could fit to OSI (SIB2-4). The same configuration of RB-symbol level resource set as for dedicated RRC could apply to configuration carried by OSI. However, restrictions on granularity of bitmap-1 could be considered. 

Proposal-7: The RB-symbol level resource sets could be configured also by OSI. The same configuration as by dedicated RRC could apply, with few exceptions: 
· Limit the max number of configured resource sets to 1 or 2
· Consider only higher allocation granularities for configuration of Bitmap-1
· Only configurations per cell are supported


3.2 User-specific vs GC-PDCCH L1-signaling
There are several aspects that should be taken into account when considering scheduling DCI or GC PDCCH for L1 signalling 
· Better reliability: if L1 signalling is carried in scheduling DCI, the reception of PDSCH does not depend on GC-PDCCH decoding. Failing to decode GC-PDCCH results in failure of PDSCH decoding, because of rate-matching assumption is wrong. Providing larger reliability of GC-PDCCH increases the control overhead, since large ALs would be required for transmission. The failure of GC-PDCCH could be due to inter-cell interference, and it is not true that two different candidates in search-space would have identical interference conditions.
· Lower implementation and specification complexity: if L1 signalling is carried in scheduling DCI, the rate-matching feature can operate without additional implementation and specification of yet another GC-PDCCH. GC-PDCCH would either require more candidates or would cause blocking, especially if it needs to be transmitted in every slot.  
· Efficiency of resource reuse can be achieved with modest overhead: if the rate-matching is UE specific, it can be made more efficient, because the resource sets outside of UEs PDSCH allocation do not have to be signaled. In addition, in Figure 2, for CORESET (yellow) with non-interleaved mapping of REG to CCE, if signaling is user-specific and DL assignments are self-contained, and resource-set contains one additional UL, then with GC-PDCCH both UE1 and UE2 cannot reuse the resource set for PDSCH. On the other hand, with UE-specific signallign UE1 can reuse the resource set. Surely, GC-PDCCH could separate the CORESET into several smaller parts, but for that, much more RRC configuration overhead would be required. 
· Lower signaling overhead: no need for transmitting GC CRC (24bits). If only 1-2 UEs are scheduled, scheduling DCI of each UE could contain 12bits for the purpose of L1-based rate-matching.  



Figure 2 User-specific vs. GC-PDCCH signalling

To summarize, whether the scheduling DCI or GC-PDCCH is better depends on the many factors, such as load in the cell, interference profile, desired efficiency of DL control resource reuse. We could debate forever on these aspects. However, considering the limited time, we think that GC-PDCCH design would require more specification effort and we see advantage in placing L1 bits to scheduling DCI. Therefore, we propose that L1-signalling is carried by scheduling DCI in R15. 
Proposal-8: The L1 signalling for L1-based PDSCH rate-matching is carried by scheduling DCI in R15.

3.3	L1 signaling design details
RRC configuration of resource-set could contain information whether the resource-set is/is-not part of L1 signalling. For each resource-set being part of L1 signalling, a gNB could transmit a single L1-bit in the DCI scheduling PDSCH, indicating whether PDSCH is rate-matched or not around that resource-set. However, we think that it should be also possible to group multiple resource-sets to N groups toggled by N L1 signalling bits. This providing trade-off between signalling overhead and efficiency.
Proposal-9: Resource-sets and CORESETs are configured with the following information:	
· a resource-set/CORESET is not part of L1 signalling or the resource-set/CORESET belongs to L1-signalling group x, where 0<=x<=Nx-1 
· Nx is at most 4
· A scheduling DCI contains Nx bits 

In addition, the signaling design should consider partially/fully overlapping resource-sets. It is FFS, how to treat the intersection of two partially/fully overlapping resource-sets when a separate L1-bit is present per each resource-set/CORESET in DCI, i.e. CORESETs are in different L1-signalling groups. 
When resource-sets are fully/partially overlapping and are part of different L1-signalling groups, we propose that a simple logical-AND is adopted. For example, as shown in Figure 3, if CORESET#1 is L1-indicated as ”PDSCH rate-matched” and CORESET #2 is L1-inidicated as ”PDSCH not rate-matched” then the intersection marked as yellow is treated as ”PDSCH not rate-matched” 


Figure 3 Example of partially overlapping CORESETs

Proposal-10: When resource-sets are part of different L1-signalling groups and are fully/partially overlapping, the intersection is treated as logical AND, where 1 corresponds to”PDSCH/PUSCH mapped” and 0 to ”PDSCH/PUSCH not mapped”. 

4	Rate-matching for PUSCH  
RAN1 specification supports almost-continuous frequency allocation of PUSCH. On the other hand, during the transmission of PUSCH, the allocation is constant in each transmission symbol. It needs to be further studied in RAN4, whether it is feasible to change the frequency domain resource allocation of PUSCH on symbol bases. In time domain, full symbols of PUSCH could be rate-matched, resulting into discontinuous transmission. Discontinuous transmission (in time) of PUSCH has been studied in LTE in RAN4 [1], and it was deemed feasible that DMRS are transmitted up to 2sTTI (4-6 symbols) ahead of the short PUSCH. UE just needs to know about discontinuity and needs to keep PLL ON.

Observation-2: The discontinuous transmission of PUSCH (up to 6 symbols) has been found feasible for DFT-S-OFDMA in LTE, given that the frequency allocation is constant. 

Therefore, we think that RB-symbol level rate-matching can be agreed also for PUSCH, with exception that, PUSCH is rate-matched around whole symbol, if frequency domain RA collides with the reserved resource.
Proposal-11: The RB-symbol level rate-matching, agreed for PDSCH, is applicable to PUSCH, with exception that UE rate-matches around whole symbol, if rate-matching resource collides with frequency allocation within the symbol.
6	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the issue of rate-matching in NR, and have the following proposals and observations:
Proposal-1: A RE-level resource-set for rate-matching can be configured the same way as one NZP or ZP CSI-RS pattern configuration.  
· UE can be configured with one or more RE-level resource-sets
· Aperiodic, periodic and semi-persistent NZP/ZP CSI-RS corresponding to CSI-RS measuring resource are rate-matched by default.  
Observation-1: CSI-RS configurations and generic RB-symbol level configurations cannot be unified into the same configuration framework.
Proposal-2: A RE-level resource-set corresponding to aperiodic CSI-RS can be associated with L1 signalling.  
Proposal-3: Design a unified L1 signalling mechanism for RB-symbol level an RE-level rate-matching resource-sets that are associated with L1 signalling.  
Proposal-4: Bitmap-1 of a RB-symbol level resource set can be configured with granularity 1, 2, 4, 6, 8 and 16 RBs.
Proposal-5: If Proposal-8 is accepted, then time-domain pattern, i.e. bitmap-3, should be applicable also for RB-symbol level resource-sets associated with L1 signalling. 
Proposal-6: UE can be configured with up to 32 RB-symbol level resource set(s) in total, where configurations are applicable per cell and/or per BWP.
Proposal-7: The RB-symbol level resource sets could be configured also by OSI. The same configuration as by dedicated RRC could apply, with few exceptions: 
· Limit the max number of configured resource sets to 1 or 2
· Consider only higher allocation granularities for configuration of Bitmap-1
· Only configurations per cell are supported

Proposal-8: The L1 signalling for L1-based PDSCH rate-matching is carried by scheduling DCI in R15.
Proposal-9: Resource-sets and CORESETs are configured with the following information:	
· a resource-set/CORESET is not part of L1 signalling or the resource-set/CORESET belongs to L1-signalling group x, where 0<=x<=Nx-1 
· Nx is at most 4
· A scheduling DCI contains Nx bits 
Proposal-10: When resource-sets are part of different L1-signalling groups and are fully/partially overlapping, the intersection is treated as logical AND, where 1 corresponds to”PDSCH/PUSCH mapped” and 0 to ”PDSCH/PUSCH not mapped”. 
Observation-2: The discontinuous transmission of PUSCH (up to 6 symbols) has been found feasible for DFT-S-OFDMA in LTE, given that the frequency allocation is constant. 
Proposal-11: The RB-symbol level rate-matching, agreed for PDSCH, is applicable to PUSCH, with exception that UE rate-matches around whole symbol, if rate-matching resource collides with frequency allocation within the symbol.
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